REGENT 
SOVIET 
POYGHOLOGY 


Edited by 


i » OGONNOR 


coal ipalln try Unit, The Maudsley, Hospital, 











@) PERGAMON PRESS 


RECENT SOVIET PSYCHOLOGY 


This page intentionally left blank 


RECENT SOVIET 
PSYCHOLOGY 


Edited with an introduction by 
N. O°CONNOR, M.A., Ph.D. 


Social Psychiatry Research Unit, Institute of Psychiatry, 
The Maudsley Hospital, London 


Translated from the Russian by 


Mrs. RUTH KISCH, Dr. R. CRAWFORD 
and 
H. ASHER, B.A., Lecturer in Phystology 
The Medical School, Birmingham 


PERGAMON PRESS 
OXFORD + LONDON - NEW YORK - PARIS 
1961 


PERGAMON PRESS LTD. 
Headington Hill Hall, Oxford 
4 and 5 Fitzroy Square, London W.1 


PERGAMON PRESS INC. 
122 East SSth Street, New York 22, N.Y. 
Statler Center 640, 900 Wilshire Boulevard 
Los Angeles 17, California 


PERGAMON PRESS S.A.R.L. 
24 Rue des Ecoles, Paris Ve 


PERGAMON PRESS G.m.b.H. 
Kaiserstrasse 75, Frankfurt am Main 


Copyright 


© 


1961 
Pergamon Press Ltd. 


Library of Congress Card Number 60-16487 


Printed in Poland to the order 
of Panstwowe Wydawnictwo Naukowe 
by Drukarnia Uniwersytetu im. A. M., Poznan 


TABLE OF CONTENTS 


Preface 
Introduction 


Section 1: Physiology 


B. M. TEPLOV. Typological Properties of the Nervous System 
and Their Psychological Manifestations. 

V. D. NEBYLITSYN. Individual Differences in the Strength 
and Sensitivity of both Visual and Auditory Analysers. 

P. K. ANOKHIN. Features of the Afferent Apparatus of the 
Conditioned Reflex and Their Importance for Psychology. 

V. S. MERLIN. The Dynamics of “Transfer” of Conditioned 
Reflex Connections from One Signal System to the Other. 

B. G. ANAN‘EV. The Theory of the Sense of Touch. 

L.M. VEKKER. Some Theoretical Problems of the Image in 
Touch. 

B. M. TEPLOV and M. N. BORISOVA. Discriminative Sensitivity 
and Sensory Memory. 


Section 2: Speech 


A. R. LURIA. The Genesis of Voluntary Movements. 

YE. N. SOKOLOV. Reflex Receptor Mechanisms. 

F. V. BASSIN and E. S. BEIN. Application of Electromyography 
to the Study of Speech. 

L. A. NOVIKOVA. Electrophysiological Investigation of Speech. 


Section 3: Education 


A. N. LEONT’EV. Learning as a Problem in Psychology. 

P. YA. GAL’PERIN and N. F. TALYZINA. Formation of 
Elementary Geometrical Concepts and Their Dependence 
on Directed Participation by the Pupils. 


[3] 


104 
123 


131 


141 


165 
186 


195 
210 


227 


247 


CONTENTS 


A. V. ZAPOROZHETS. The Origin and Development of the 


Conscious Control of Movements in Man. 273 
]. T. BZHALAVA. The Nature of the Contrast Illusion. 390 
R. G. NATADZE. Studies on Thought and Speech Problems 

by Psychologists of the Georgian S.S.R. 304 
Author Index 327 
Subject Index 331 














PUBLISHER’S NOTICE TO READERS ON THE SUPPLY OF AN ENGLISH 
TRANSLATION OF ANY RUSSIAN ARTICLE MENTIONED BIBLIOGRAPHIC- 
ALLY OR REFERRED TO IN THIS PUBLICATION 


| 

| 

| 

| The Pergamon Institute has made arrangements with the Institute of 
Scientific Information of the U.S.S.R. Academy of Sciences whereby 

| they can obtain rapidly a copy of any article originally published 

in the open literature of the U.S.S.R. 

| 

| 

| 

| 


We are therefore in a position to supply readers with a_ translation 

(into English or any other language that may be needed) of any 

article referred to in this publication, at a reasonable price under the 
cost-sharing plan. 


Readers wishing to avail themselves of this service should address 
their request to the Administrative Secretary, The Pergamon Institute, 
at either 122 East 55th Street, New York 22, N.Y. or Headington 
Hill Hall, Oxford. 







PREFACE 


ALTHOUGH TRANSLATIONS of Russian work in experimental psychology 
have been made by Simon and by Wortis, there is still insufficient oppor- 
tunity for the English-speaking psychologist to know this work as fully 
as he would like. The present set of translations is to be welcomed as 
a new attempt to break the barriers between the work in Russian psy- 
chological laboratories and that in our own. It is to be hoped that future 
publication in English of Russian experimental researches within a short 
time of their being carried out will make it impossible for the English- 
speaking student of psychology to be ignorant of what is happening in 
the psychological laboratories of that country. 

One can easily exaggerate the importance of differences in underlying 
philosophy as a factor in creating separation between the Russian- and 
the English-speaking currents in experimental psychology. These differences 
may help to create differences in the type of problems which will be attacked 
experimentally but not much in the methods of attack. In the laboratory, 
we are neither idealists nor empiricists nor dialectical materialists, but 
experimentalists with a range of experimental techniques accepted on 
both sides. 

The element of isolation created by differences in language and in 
restricted opportunities for social intercourse has been more serious. It 
has had one effect which cannot be regretted: that experimental enquiry 
in Russia has been directed towards some problems that have been rela- 
tively neglected in our own experimental laboratories. I find myself par- 
ticularly interested in their work on language development and on con- 
scious control. Incorporation of this interest into the work in psychological 
laboratories in America and Great Britain will lead to the enrichment 
of our experimental psychology. 

That the breaking down of the barriers of our mutual isolation will 
lead to corresponding enrichment of the Russian tradition in experimental 
psychology is also to be supposed, although it is for them to judge in what 
directions they can profit by our different experimental programmes. 
A wider use of statistical methods may be one. In the interesting article 
by B. M. Teplov on the analysis of personality in terms of Pavlov’s distinc- 
tion between different properties of the nervous system, there is mentioned 
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an unsolved problem which awaits experimental investigation, that of 
whether “mobility” is a single property. This appears to be the sort of 
problem for which factor-analysis is the most rigorous and most economical 
method. 

It is obvious that we know too little about Russian experimental psy- 
chology; it seems equally obvious that they do not know enough about 
the experimental psychological work of the English-speaking world. There 
are few references to British or American publications in these papers, 
and those few neither recent nor widely representative. Plainly there is 
a barrier to be overcome on both sides. This series of translations makes 
a contribution to overcoming one side of the barrier; it is to be hoped 
that our Russian colleagues will make equal efforts to overcome it from 
their side. The result we must hope for is not only increased fruitfulness 
of psychological research, but also the promotion of a mutual under- 
standing which will contribute to the great cause of World Peace. 


Department of Education, R. H. THOULESS 
17, Brookside, Cambridge 
I June 1960 


RECENT SOVIET PSYCHOLOGY 
INTRODUCTION 


Method of Selection 


SIMON (1) AND WORTIS (2) have already published books on post-war 
psychology and psychiatry in Russia so this book is less an introduction 
than a report of current Russian psychological research. It consists of 
selected essays from “‘Problems of Psychology” (Voprosy Psikhologii), one 
of the chief psychological journals of the U.S.S.R. Russian psychological 
literature, unlike Russian psychology itself, has a brief and mainly post- 
war history, journals such as “Problems of Psychology” and ‘“‘Isvestiya’’, 
the journals of the Pedagogical Institute, having commenced publication 
in 1955 and 1954 respectively. Thus the presentation of material has 
been primarily through psychological congresses and a limited number 
of books Of such congresses there were at least three before 1955, but 
the Academy of Pedagogical Sciences has more recently arranged psy- 
chological congresses on an annual basis. Increasingly articles have been 
published rather than given as lectures and now that journal publication 
has become regular there is a need to review the current literature. 
Both the two previous collections were somewhat in the nature of 
reports of work which until then had not been known in England. At 
the time of publication, only a limited number of experts had more than 
a fanciful notion of the scope of Russian psychological work. These books 
helped to introduce everyday Russian psychology to English readers. 
Both were written in a period when western experts felt obliged either 
wholeheartedly to attack the methods, the philosophy or the social at- 
titudes of their Russian colleagues, or vigorously defend them. A some- 
what more objective mutual appraisal has recently become possible. This 
collection of articles is published with this fact in mind. The selection 
of the articles has been made jointly. A list was recommended for con- 
sideration by the Psychology Section of the Moscow Academy of Sciences 
and a further selection of these was then made by the writer after seeking 
advice from colleagues. Naturally such a selection was biased in favour 
of reports which might appeal to English readers. In this respect it is pos- 
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sible that some of them may be less representative of Russian interests 
than they otherwise would be. However, Russian colleagues have been 
frequently consulted and at all times their views have been taken into 
account. 

In this introduction an attempt is made to discuss previous attitudes 
to Russian psychological literature on the part of English-speaking spe- 
cialists, Russian attitudes to their own psychology and finally the fields 
of interest of Russian psychology as represented in this collection. 

It 1s necessary, however, to make some fairly general observations 
about the articles included. In language, interests and method of reporting 
results, Russian practice frequently differs considerably from English. The 
same is true of course of French and German conventions, although this 
fact seems to arouse less comment. In reports of experimental work read- 
ers must expect fairly lengthy discussions of theory. The division between 
journals reporting experiments and journals reporting discussions of 
theoretical models or literature is not characteristic of Russian psycho- 
logical literature. There may be many reasons for this and European, 
including English, journals are in this respect more akin to Russian jour- 
nals than are the American. Because there are relatively few journals all 
types of articles are published together. Exceptions to this rule are be- 
ginning to appear and as Mintz [3] notes, philosophical articles by phys- 
iologists have recently appeared in ‘“‘Questions of Philosophy” rather 
than in physiological or psychological journals. 

This division of fields of interest is not yet, however, very common 
and as a result a number of articles may seem overlengthy by English 
standards. Translators have usually succeeded in providing a satisfactory 
English equivalent but this does not mean that they have been able to 
achieve the concise clarity which editors of English scientific journals 
take as their objective. Fortunately the considerable services of a number 
of bilingual collaborators have been available in reviewing translations. 
For this reason it is hoped that little awkwardness of expression remains 
and that in most cases accuracy and clarity of translation have been 
achieved. It may fairly be said therefore that any unclarity of expression 
is to be attributed to the originals. In general the principles of selection 
which have been followed are: the interest of the subject matter, the de- 
gree to which the report is representative of Russian psychological thought 
and the adequacy of the experimental method. Articles of a philosophical 
nature without experimental findings have been excluded. 

There is naturally a very considerable variation in individual work, 
but work can often be traced to three main sources. These are the tra- 
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dition of physiological work beginning. with Sechenov and Pavlov, the 
work originated by Vigotskii and carried on by Luria, Leont’ev and their 
colleagues, and finally the work of the Uznadze school in Georgia. The 
more physiological aspects of Pavlov’s work are reported generally in the 
Journal of Higher Nervous Activity and are not included here. Experi- 
ments on animal conditioning are therefore not included. 

The papers included in this volume are chosen almost exclusively 
from Voprosi Psychologii and an effort has been made to represent the 
major divisions of Soviet Psychology. Thus material is given showing 
work in the fields of educational psychology, Pavlovian typology, think- 
ing, speech, sensation and perception and attitudes or set. In addition, 
work on verbal control of behaviour in subnormal patients is included. 


Attitudes to Soviet Psychology 


Attitudes adopted by expositors and critics of Russian psychology 
have not always been directly relevant to the scientific questions involved. 
In this respect, like all such attitudes and resulting statements, they are 
apt to give rise to hypercritical reactions among Russian psychologists. 
The expression of attitudes of a fundamentally philosophical nature is, 
of course, calculated to give rise to an opposition of principles. Such op- 
positions are rarely resolved because their precise relationship with the 
subject matter of a particular science can seldom be accurately specified. 

It seems unprofitable therefore to emphasise the points of philoso- 
phical disagreement between, let us say, nominalism or positivism on the 
one hand and dialectical materialism on the other, although these  dif- 
ferences may be important. It would seem more valuable at present to 
collect examples of experimental work. In this way it may become possible 
to judge the extent to which principles of scientific method influence the 
ingenuity, scope and decisiveness of psychological experiments. The success 
of experimental work can be judged not only by its basic assumptions 
but also by its elegance, exactitude and ingenuity. Such qualities can be 
appreciated by working scientists who may very well disagree profoundly 
about interpretations and even about the hypotheses which gave rise to 
the experiment in the first place. 

In a science such as psychology, standards of experimental perform- 
ance based on criteria such as exactitude and ingenuity are of vital sig- 
nificance. Commonsense and everyday expectations march so closely 
with experimental findings that it is easy to mistake the one for the other. 
In judging a body of experimental work from a country whose national 


12 INTRODUCTION 


growth, development and system of government have each become a bat- 
tle-ground of opposite opinion it is doubly important to look for examples 
of adequate method and good and ingenious experimentation. In this 
respect we are at once on somewhat less controversial ground. It may 
appear to Murray, May and Cantril (1959) for example, that there is too 
much unanimity of doctrinal foundation among Soviet psychologists. 
However, the value of Russian psychology must depend on its interest 
and fruitfulness and ultimately on its usefulness to psychologists and 
others. If such standards are high, observations about a medieval attitude 
of mind become irrelevant if not misleading. 

Russian psychologists would certainly be willing to be judged by sim- 
ilar criteria, and those who have become known in England, either through 
visits or by their publications, have earned the respect of their English 
colleagues. This is not to say that all Russian psychology is first-class 
and without deficiencies. It has a number of shortcomings of which psy- 
chologists in the U.S.S.R. are aware. For example, apart from some in- 
teresting work in the field of education, there has been very little develop- 
ment in social psychology. There has also been a tendency in some Uni- 
versity departments, though not in all, to capitalize the very valuable 
inheritance of Pavlovian techniques perhaps to the exclusion of other 
sources. More recently this unbalance has been corrected and Russian 
psychology has begun to spread into many different fields. Professor 
Smirnov, for example, in a speech delivered at the opening of the 1959 
Congress of Psychologists in Moscow, spoke of the need to develop in- 
dustrial psychology, so far only studied to a limited extent in Russia. 
Other shortcomings for example of quality of work, exist in all countries 
and their existence need not surprise the sophisticated. Unfortunately it 
sometimes happens that higher standards are demanded of work from 
abroad than at home. This common attitude must not be allowed to ob- 
scure the fact that although the studies presented in subsequent pages 
may not all be of equal merit, many are of considerable interest. 

Many of the critical attitudes adopted towards Soviet psychology in 
the past have been connected with what is believed to be State interference 
with theoretical issues. Criticisms have commonly been levelled at the 
intelligence-testing controversy and the 1936 Decree concerning it which 
has since been published in English by Wortis [2]. This is usually quoted 
as an example of the way in which a State based on Communist or Marxist 
doctrine brings pressure to bear on scientists. It must be said at once that 
from the point of view of an old established country in which social pres- 
sures are very much implicit rather than explicit, Soviet experience in 
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the social sciences appears to demonstrate a more overt from of pressure. 
At the same time a good case can be made for saying that the pattern 
and method of direction of research in England are not basically dissimilar 
from those in Russia. In England, however, the pattern is better under- 
stood, works more smoothly and results in fewer extreme trends. 

If we turn to the administrative application of theories, a case in point 
might be the use of intelligence tests for selection at 11-plus. In recent 
years emphasis on the value of intelligence testing in grammar school 
selection has been reduced. Inefficiency in selection by this method has 
been acknowledged and a number of local education authorities have 
reviewed their selection policy in favour of comprehensive schools. This 
means delaying selection and increasing educational opportunity. The 
positions of Britain and Russia on this question have therefore gone through 
similar phases. Britain has been slower, less decisive and less complete. 
In keeping with its philosophical tradition it has also remained more 
empirical. In its discussion it has tended to ignore theory and to concen- 
trate on the technicalities of measurement, of practice effects, of normality 
of distribution of samples and similar questions. However, in practical 
and administrative development the trends have been similar. In effect 
it could be argued that behind the reduction in emphasis on intelligence 
and selection lies the development of a more liberal educational policy 
in both countries. 

Obviously much more could be said about this question but it is perhaps 
enough to show that it is possible to over-emphasize the differences in 
social structure between Western countries and Russia so far as the 
relationship between political or administrative and academic questions 
are concerned. For a further example we might look to the United States 
of America, where the State of Tennessee once passed an Act forbidding 
the teaching of Evolution in High Schools. This Act was soon disputed 
and the outlook of Tennessee High School pupils is at present somewhat 
more informed than it was in the 1920s when the Act was passed. The 
Americans took a very short time to reject the implications of the Act 
in practice. The Russians took somewhat longer to develop a more liberal 
approach to the question of individual ability. The reasons for this are 
complex because the question is by no means so clear-cut. Russians do 
not accept the prevalent English view of a given quantum of intelligence 
present from birth or from an early age. However, theoretically speaking 
the statement of such a view would not be followed by shocked silence 
or violent condemnation on political grounds. Most Russian psychologists 
would regard such a view as backward-looking but would argue against 
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it on the basis of evidence. It might be said, therefore, that we should 
not too readily criticise the limitations on academic freedom in Russia 
today. They do not seem to exist in any greater degree than in England 
or America, whatever may have been true of certain Institutes during 
the war and shortly after. 

For quite another reason also, it might be said that research trends 
in the two economically and socially different countries have a certain 
communality of pattern. This is because research, whether for health, 
education or war, is frequently inspired by the need to answer practical 
questions. Often practical questions do not differ greatly from country 
to country despite considerable differences in social organisation. It 1s 
even true that social pressures much discussed by contemporary sociologists 
act in a similar manner in both countries in so far as the social organisation 
of groups remains the same and even when the class structure has changed 
radically. At present Russian academic opinions reflect experimental 
results about as much as our own do here. 

It is hoped therefore that the time has now come when English readers 
can examine these reports as they would if reading an English journal 
and not be confused by the political aura which the undoubtedly widely 
different systems of government often seem to impose on our thinking. 
Without withdrawing any of the force of this observation it must none 
the less be said that the starting-point and the conclusions of Russian 
experiments are frequently very different from our own. These differences 
are discussed in the next section. 


Russian Attitudes and Sets in Psychology 


Reports of visits to Russia have recently described a decrease in the 
partisan expression of philosophical views. There has been a tendency to 
move away from philosophical prolegomena tn journal articles and towards 
a direct discussion of experimental material. This tendency is a natural 
response to increasing involvement with the subject matter of the science 
and its technical problems as well as a result of increasing liberal trends 
in the Universities. It also reflects an increase in the complexity of the 
material studied. 

As the number of scientists has increased their studies have in some 
cases departed so far from their sources that they represent a completely 
novel trend. Such new investigations may have originally resulted from 
some suggestions for example made by Pavlov, but their development 
usually leads them into fields of experiment where Pavlov did not go. 
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Thus the work of Luria and Zaporozhets on the verbal control of motor 
behaviour has origins in both Vigotskii and Pavlov but is very dissimilar 
from any work carried out by either. This is less true of work done in 
Georgia along the lines suggested by Uznadze. However, the studies of 
Sokolov on orienting reflexes and nearly all material concerned with the 
interaction of verbal and non-verbal cues is novel although deriving to 
some degree from earlier work or suggestions of Ivanov-Smolenskii and 
Krasnagorskii. 

This writer is not competent to trace the foreign sources of current 
Russian influences in psychology. Obviously earlier German psycholog- 
ical literature has had a part to play and the great impact of Pavlov is 
universally acknowledged. The work of Uznadze has something in 
common with German work by Willmott and Kohler. As in many such 
cases it is profitless to dispute priority because ideas are often developed 
in many places contemporaneously when a subject reaches a critical stage 
of development. 

Work in Russian psychology, as in English psychology, depends very 
much on the ability and interests of particular people and groups of people. 
Thus, just as the tradition of statistical analysis in University College, 
London, resulted in generations of studies concerned with the factor 
analysis of cognitive abilities, so in Koltushy studies concerning the con- 
ditioning of physiological processes continue. 

In Leningrad, in Anan’ev’s Institute, studies are almost entirely centred 
on the analysis of learning processes, especially those concerned with 
space perception. In Moscow several other areas of study are directed 
by such workers as Leont’ev studying acoustic analysis, Luria the verbal 
control of voluntary behaviour, Smirnov the study of memory, Sokolov 
the analysis of inhibition and orienting reflexes, and Teplov the analysis 
of types of nervous system and their flexibility. 

In Tbilisi the development of the ideas of Uznadze seems to proceed 
rather independently of the fields of interest of Moscow psychologists. 
It is, however, connected with their work by reason of their common 
interest in the structure of language and its relation to thought. 

In addition to these activities other studies connected with psychiatry 
and with physiology are also going on. The work of Gershunt in Lenin- 
grad and Mme. Zimkina also in Leningrad, Schwarz and Anokhin 
in Moscow and Mme. Traugott in Leningrad should be mentioned. 

This is not by any means a complete list even of the psychological 
studies which are going on. Rubinstein, until his death last year, con- 
tinued his studies of philosophical aspects of psychology in Moscow and 
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Zaporozhets collaborates with a number of workers all studying child 
development. Apart from those mentioned there are a great number 
of allied physiological and psychiatric studies which were partially touched 
on by Ivanov-Smolenskiil. 

In all these schools, or fields of investigation, most of which are rep- 
resented in this volume, the writer has found extremely little mechanical 
or hide-bound application of dialectics. During a recent visit to most 
of the laboratories listed, Pavlov’s name was often mentioned, Sechenov’s 
and Vigotskii’s from time to time but the names of Marx and Engels scarcely 
at all. Russian psychologists may apply dialectical principles in their 
thinking about problems but for the most part, both in groups and as 
individuals, they do not refer to the relationship between a prevailing 
philosophy and individual experiments any more than would English or 
American psychologists. Rubinstein is an exception because his work is 
directly centred on just such topics. 

No Russian opinion on this important question has been made known 
in the last few years, although in the past both Anan’ev and Rubinshtein 
have expressed their views concerning both dialectical materialism and 
Lenin’s principles of reflection from his study “Materialism and Empirio- 
Criticism”’. 

When Professor Leont’ev and Professor Luria were asked to express 
their views on this general topic they were able to make the following 
observations: “The significance of the principle of reflection for psychology 
is that it affords an approach to psychical processes and phenomena as 
something which gives the subject a correct (or relatively correct, capable 
of becoming more complete and more correct) picture of what exists out- 
side his consciousness. Here, of course, the term “reflection”? does not 
have the same meaning as when we speak, for example, of the reflection 
of an object in a mirror. Psychical reflection is a reflection which is vital 
and active. It is not simply a physical reflection, an epiphenomenon. On 
the contrary, it fulfils an important function in life, in behaviour: by orient- 
ing the subject in the surrounding world it enables him to adapt himself 
to that world and to change it. 

‘“*Psychical reflection is not added to the processes of life from outside: 
it is a phenomenon of life itself, developing in the course of evolution. 
Transition from primitive to higher forms and levels of reflection takes 
place as a result of development of the subject’s vital, practical connections 
with the surrounding world. In man it reaches the highest possible level— 
the level of consciousness. Man’s activity is linked both with inevitable 
reflection of the external conditions affecting him and the reality of which 
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he is conscious through language, pictorial representation and other media 
for the transmission of the collective experience of society, the experience 
of preceding generations of mankind. This, too, is the level of creative 
reflection. It acquires its creative character by virtue of the fact that man 
becomes capable of activity in the pattern of reflection, of consciousness 
—of working with images and conceptions. It is for this reason that man 
is capable of encompassing both the past and the future in thought; he 
penetrates into the atom, hidden from the eye, and into the infinitely remote 
cosmos. He is aware also of himself, his consciousness, his internal world. 

“For psychology the principle of reflection is an active methodolog- 
ical principle, guiding research to the causal and genetic explanation of 
psychical processes and phenomena. It frees psychology from simplified 
mechanical interpretations and from the sterile phenomenologism, which 
isolates consciousness.” 

Certainly the supposed structure of theoretical surveillance has had 
but small effect in creating uniformity except within any one department. 
Areas of work are unexplored but this appears to be a question of indi- 
vidual ingenuity rather than of general decision. This fact reveals the 
basic difficulty of imposing any widely generalised discipline on a partic- 
ular set of facts. If the discipline is based on these facts it may reflect them 
closely. If it is not it may still reflect a widespread feature of events in all 
allied fields. None the less the knowledge of facts in a field dissimilar 
from that on which the generalisation was based will behave to a large 
extent randomly in respect of this theory. It thus happens that any point 
of view not tailored to a particular set of data cannot readily be imposed 
on such data. Individual ingenuity and inspiration as well as knowledge 
of the facts may thus become of prime importance in any study, whatever 
the theoretical direction. It is for this reason perhaps that no amount 
of stress on the social determinants of individual behaviour in Marxist 
theory has resulted in any studies of social conditioning of groups by 
Russian psychologists. Instead, equally interesting aspects of children’s 
learning and control of voluntary behaviour have been worked out, for 
example by Zaporozhets, Luria and others. 

This is simply to note that the interaction of individual scientists with 
their problems often follows the logic of data and interest rather than 
that of dogma. By dogma used in this sense I do not mean only Marxism 
but the mechanical and unthinking application of any principle whatsoever. 
It is for ourselves and our Russian colleagues to decide whether Dialectical 
Materialism as a theory is a useful theory in its application to psychology. 
So long as its implications are worked out flexibly and with an eye to 
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their effectiveness in producing useful and ingenious experimentation 
there can be no possible objection to it. Often, of course, such broad 
general theories follow on the development of a particular science, rather 
than giving rise to it. 

So far as the Russian use of dialectical materialism is concerned one 
is left with the impression that its application has gone beyond the stage 
of the use of phrases as dialectic pronouncements and has become part 
of the mental equipment of working scientists much as nineteenth-century 
empiricism and positivism lies behind the thinking of many English sci- 
entists. As a result articles appear as reports of investigations together 
with discussions of the results and are not now commonly preceded by 
remarks concerning the relevance of dialectical precepts to the matters 
under investigation. Such theories as those of mental reflection and the 
primacy of matter certainly influence thought but they have become as 
implicit as positivism is in Britain. However, artificial connection between 
statements of fact and principles of theory are less and less obvious. Where 
connections are presumed to exist good reason is usually given for using 
the hypothesis. As a result there is less artificiality in the connection of 
hypotheses and conclusions. 

The scope of Russian psychological work has recently been reviewed 
in an introductory speech to the Moscow Psychological Conference this 
year. Professor Smirnov, who made the report, looked forward to an 
extensive development of industrial psychology. Also, indications of this 
talk were that problems of memory, thinking and fatigue in school children 
would receive the same extensive attention which they had already had 
in psychological laboratories. Likewise, as a result of the aftermath of 
the war the rehabilitation of cases of brain injury would continue to be 
important. Professor Smirnov drew attention to the lack of development 
of a psychology of unconscious behaviour and emotional develop- 
ment. 

Like many other psychologists in Russia he proclaimed his dissatis- 
faction with Freudian theory. Bassin [4] also interprets the history of 
Freud’s thought as showing a departure from its original sound begin- 
nings. The rejection of psycho-analysis in any of its current developed 
forms is based on two objections: its idealistic character and its tendency 
to use a physiology involving an altogether too mechanical theory of 
brain localisation. There is common ground for example, between Russian 
work and Freudian observations in the acceptance of the principle of the 
pathogenic nature of the conflict of drives. But subsequent Freudian 
theory is regarded as both too unrelated to physiology and too crude 
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in its interpretation of the interaction of sub-cortical drives and conscious 
sets of ideas or voluntary actions. 

A discussion of this kind indicates that Russian psychologists have 
certain quite clear theoretical predilections in favour, for example, of 
physiologically based explanations rather than molar psychological ones. 
They also appear to prefer dynamic rather than mechanical brain local- 
isation theories. Such views can be argued to be consistent with Dialectical 
Materialist theory, but they are also Pavlovian views. What has yet to 
emerge, in the opinion of this writer, is a dialectical approach to questions 
of social psychology in which Russian psychology has so far produced 
no great experimenter and no firm tradition. Presumably such work when 
it does commence will be tied to an already existing body of methodology 
of a Marxist kind and perhaps to the outstanding work of educationists 
and psychologists such as Makarenko and Uznadze. However, as yet no 
established body of experiments has appeared in the literature. 

The question of what attitude Russian psychologists have towards 
their subject must therefore be answered in two ways. Soviet psycholog- 
ist show a preference for physiological work and explanatory hypotheses 
which derive in large part from Pavlov. Their attitude might also be said 
to conform to dialectical materialist principles. However, although such 
principles exert an influence on thinking they only partly determine, for 
example, the selection of subject matter for research. Russian psycholog- 
ists therefore are free to conduct a wide range of experiments many of 
which might be criticised because as yet they are not closely tied to phys- 
iological explanations. At the same time they tend to select subjects for 
investigation which exploit their national traditions, and in north-west 
Russia these are primarily physiological. As one might expect, traditions 
and experiments have a different character in parts of Russia far from 
Leningrad and Moscow, such for example as Georgia. 

McLeish [5] draws attention to the discussions which he says preceded 
the current position in Russian psychology. Despite a debate which centred 
round idealism and empiricism as methodological faults, Kornilov tried 
to hammer out another contradiction, that between psychology as physiol- 
ogy or as independent of physiology. Whilst partly solving the problem in 
favour of a complex view of mental process, it might be said that the full 
and completely satisfactory resolution remains to be achieved. For example, 
the failure to develop an adequate stand on social and cultural questions 
leaves Russian psychologists with an incomplete development of their 
own field. In the view of this writer it is possible that Russian psychologists 
and sociologists may soon provide a more complete psychology by enter- 
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ing this area of research. If they do it is possible that they will do so taking 
account of Vigotskii’s view that facts are sometimes independent of the 
theories which give rise to them. 

It is clear that there exists now a body of experiments in the U.S.S.R. 
about which we know rather little. Such work deserves our attention ir- 
respective of its theoretical principles and presuppositions. If, in fact, 
it is of interest to us either as suggesting new approaches to research or 
new subject matter, it will then be open to English readers to consider what 
is the nature and quality of the ideas which gave rise to the experiments 
which have been done. 

N. O’CONNOR 


REFERENCES 


1. Psychology in the Soviet Union. (1957). Ed. Brian Simon. Routledge and Kegan 
Paul, London. 

2. Soviet Psychiatry. (1950). Ed. J. Wortis. Williams & Wilkins, Balt. 

3. MINTZ, A. (1958) Recent Developments in the U.S.S.R., Aan. Rev. Psychol., Vol. 
9, 453-504. 

4, BASSIN, F. V. (1958-9). Freud in the Light of Contemporary Scientific Discussion, 
translated from Vopr. psi., Nos. 5 and 6, 1958. Soviet Psychology Information Bulletin, 
Vol. 6, Nos. 1 and 2, Soc. Cult. Rel. with U.S.S.R., London, 1959. 

5. MCLEISH, J. (1955). Materials on Soviet Psychology. S.C.R. Psychol. Bull., Vol. 2, 
No. 3, 8-12. 

6. MURRAY, H.A., MAY, M.A. and CANTRIL, H. (1959). The American Psychologist, 
Vol. 14, 303-307. 


SECTION 1: PHYSIOLOGY 


TYPOLOGICAL PROPERTIES OF THE NERVOUS 
SYSTEM AND THEIR PSYCHOLOGICAL 
MANIFESTATIONS * 


B. M. TEPLOV 
Institute of Psychology, R.S.F.S.R. Academy of Paedagogic Sciences, Moscow 


l 


STUDY of the individual differences in people is one of the most important 
tasks of psychology. Its importance became particularly evident as soon 
as psychological science set itself to become a science that could be use- 
fully applied in practical work (educational and child psychology, the 
psychology of work, pathopsychology). 

Individual differences include, of course, some that can be established 
with relative ease, such as differences in knowledge, in capabilities or 
customs. Usually, however, when individual differences are being discussed, 
it is a question of other, more fundamental and permanent properties. 
They are the properties that are concerned in the chapters of psychology 
textbooks dealing with temperament, character and capabilities. 

These chapters are usually among the least substantial in textbooks 
of psychology and contain but few scientifically established principles, 
so that they have little to offer that is of use in practical work, although 
their content would appear to be concerned with problems of great 1m- 
portance in life. Furthermore, they have hardly any connection with the 
content of the rest of the course of general psychology. 

It should be stated that the psychological differences in individuals 
do not constitute the entire contents of these chapters in psychology. 
They are usually contained in a section dealing with the psychology of 
personality. Most Soviet psychologists are agreed that the psychology of 
personality is not merely a question of psychological differences between 
individuals. The problems of the psychology of personality are first and 
foremost problems of general psychology and only in a subordinate way 
they are problems of “individual” or “‘differential’’ psychology. Inadequate 


* Voprosy Psikhologii, No. 5, pp. 108-130, 1951. 
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development in problems connected with the general psychology of perso- 
nality is undoubtedly one of the reasons for the patently unsatisfactory po- 
sition in the development of problems of individual psychological differ- 
ences. 

One must of course recognize that some place is always given in the 
chapters in courses of psychology dealing with separate psychical proc- 
esses to the question of individual differences i.e. differences in sensitivity, 
in perception, in types of memory and quality of thought. As a rule, how- 
ever, these individual differences are left quite unconnected either with 
one another or with the individual differences in temperament, character 
and capabilities discussed in the psychology of personality. 

The doctrine of individual differences, as it is presented in textbooks 
and courses of psychology, lacks not only system but even simple coher- 
ence. Actually, there are no logical grounds for use of the expression 
‘doctrine of individual differences”. There are a certain number of empir- 
ically established facts on this subject (some of them very valuable), but 
there is no solid framework of any sort, psychological or physiological, 
into which these odd pieces of information can be fitted. 

Successes in the study of individual psychological differences depend 
to a considerable degree on the development of general psychological 
theory, and above all, of course, on the development of general problems 
in the psychology of personality, but they will also depend on the creation 
of a system of psychology which will eliminate the gap which now exists 
between the two parts of this science, namely the psychology of psychic 
processes and the psychology of personality *. This important section is 
still in an obviously unsatisfactory state, a fact which is fully realized by 
Soviet psychologists (see the resolution of the Congress on the Psychology 
of Personality [28]). 

In Western European and American psychology of the last decades 
the problems of individual differences have usually been tackled by the 
so-called “‘test method’’. Here there is fundamental divergence between 
Soviet psychologists and the supporters of “‘testology”, as this sphere of 
the activity of Western psychologists may be termed. 


* There is no doubt about the existence of this gap although the authors of textbooks 
and courses in psychology have avoided contrasting psychical processes and psychical 
properties of personality in chapter headings. For example, in the textbook of psychology 
for educational institutes published in 1956 under the editorship of A. A. Smirnov, A. N. 
Leont’ev, S. L. Rubinstein and B. M. Teplov, the fifth section, ‘““Psychical properties 
of personality” is notable both for its modest proportions and its complete lack of con- 
nection with the preceding sections [48]. 


TYPOLOGICAL PROPERTIES OF THE NERVOUS SYSTEM 23 


These tests are more or less short, strictly standardized examinations, 
the results of which can, in one way or another, be expressed in numerical 
form and are generally submitted to statistical treatment. There can be 
no objection in principle to “‘short examination”’, to standardized exam- 
ination conditions, to the attempt to express the results in numerical form 
or to statistical treatment of the results. There must, however, be objection 
for another reason, namely, that an overwhelming majority of the tests 
have no firmly established scientific basis. 

One of the best known tests is Rorschach’s test: the subject is shown 
ink blots of “chance” shape and is asked to say what he “‘sees”’ in these 
blots. It is difficult to take exception to the fact that certain features of 
the imagination, of fantasy, may be revealed in a test of this nature, but 
it is even more difficult to believe that this test can claim to reveal the 
fundamental properties of the personality of man in all their multiformity. 
And it 1s still more difficult to believe that tens of thousands of man-days 
have been spent on the development of a technique for the preparation 
of these blots, on the development of standard conditions for the conduct 
of the tests with them, on the discovery of methods for expression of the 
results of such test in numerical form—in the form of “marks’’, and on 
the elaboration of methods for the statistical treatment of these results. 
It is difficult to believe that there are not a few individuals whose main 
specialization is the conducting of Rorschach tests. Finally, of course, 
one cannot but protest against the fact that “‘selections” of any kind, 
on which the future of individuals may not infrequently depend, should 
be effected by means of Rorschach or other similar kinds of tests. 

A considerable proportion of these tests are “tests” which have been 
arrived at quite empirically, and their significance had, as it were, to be 
proved statistically as a result of their massive application. We suggest, 
however, that if the physiological or psychological meaning of a test is 
not clear to us, if the test is a “‘blind test’, then no statistical treatment 
of massive application of such a test, however complicated or clever it 
may be, will yield scientifically meaningful results. ““Blind tests’? cannot 
be made to “see” merely by their combination with statistical methods. 

This also applies in all respects to the reliance placed on test exam- 
inations for the calculation of correlations (statistical and probability 
relationships) between the results obtained with different tests. Since the 
time of the publication of Spearman’s book on the abilities of man (1927 
{70]) there has been a conviction that the “‘structure of the personality” 
could be discovered by purely test methods through special (usually very 
complicated) mathematical operations with correlation coefficients (so- 
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called “factor analysis’). An enormous amount of time and effort has 
been spent on the carrying out of test investigations designed for treat- 
ment by the methods of factor analysis. The results so far obtained 
are less than modest. Some, possibly most, of these examinations have 
been conducted on lines of blind empiricism, while others have been based 
on conceptions founded partly on everyday observations and partly on 
idealistic speculative constructions such as the typology of Jung or Kretsch- 
mer. Neither of these lines has made any original contribution to the 
understanding of the nature of individual differences. Neither could 
they yield results of scientific value as they are based on the tacit 
assumption that it is possible to start with the discovery and _per- 
fecting of intricate methods for the mathematical treatment of exper- 
imental results without any strict investigation of what the proper- 
ties are that it is desired to test or of what methods are suitable for 
the testing of these properties. 

Occasional test of undoubted scientific importance have been suggested 
in this field of testological investigation. These must, of course, be in- 
vestigated and used. But “‘testology’® as a whole has not revealed any 
useful paths to an understanding of individual psychological differences. 
Scientifically, it has proved barren and in practical application it has 
sometimes proved definitely harmful. 

All the above is intended to show that the search for ways of deter- 
mining the individual psychological differences in people by objective 
methods with sound theoretical foundations is one of the most important 
tasks in contemporary psychology. 

The present paper will discuss one of the possible ways in which this 
problem can be solved. The group of psychologists who, for the last four 
to five years, have been carrying out research under my direction in the 
laboratory of the Institute of Psychology, R.S.F.S.R. Academy of Ped- 
agogic Sciences, has been working on such lines. 

The object of this collective was to obtain an understanding and, if 
possible, more exact definition of some of the individual psychological 
differences in people by investigation of the typological properties of 
higher nervous activity. 

I have several times already had occasion to describe the general trend 
and nature of our research (see [60], [61], [63], [64], [72]). The main results 
obtained by our group up to the middle of 1955 were reflected in the col- 
lected papers, “The Typological Features of the Higher Nervous Activity 
of Man’’. I shall now deal only with some questions of principle connected 
with the general course of our work. 
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Two approaches to the scientific definition of individual differences 
are possible. 


(1) One can proceed from the quantitative depiction of certain prop- 
erties (stature, weight, extent of expiration etc.; the sensivity of each of 
the analysers, speed of memorizing and retentiveness etc.). 


(2) One can proceed from the grouping of individuals by types such 
as athletic, asthenic and pyknic builds or by types of memory such as 
visual, auditory, mojor or graphic and verbal abstract. 


The former approach is naturally termed the analytic and the latter, 
the synthetic approach. Neither can, from its unilateral approach, furnish 
a complete answer to the problem. The first method yields quite a lot of 
useful empirical pieces of information, but these alone can only give dis- 
jointed “‘catalogues” of individual features. The second method gives 
very rapid results which are seemingly effective and appear to be close 
to life, but ultimately it leads to an impasse. Such conceptions as Jung’s 
introvert and extrovert types or the cyclothymic and schizothymic types 
of Kretschmer, typology which has enjoyed exceptional popularity in 
Western psychology during the last few decades, arose in connection with 
this method. The effort to carry out objective investigations on individual 
differences, based on integrated types of this kind which, however, do not 
lend themselves to scientific analysis, led to the production of “‘irrational’’ 
methods, such as the above-mentioned Rorschach test, methods with 
false semblances of objectivity due entirely to the use of the complicated 
apparatus of mathematical statistical methods for the treatment of the 
results. 

It cannot be denied that the second method implies an approach which 
is genuinely scientific and has no connection with “irrational” methods. 
It 1s possible in this way, by prolonged and intensive scientific work, to 
arrive at the establishment of psychological types’? which can be made 
the object of scientific analysis. The investigations of Myasishchev and 
Kovalév [38], [39], [23], for example, were carried out by this method, 
which is an essential, but not the only possible way. Our collective fol- 
lows the first method, but our work is based on the physiological concep- 
tions of the typological properties of the nervous system described by 
Pavlov. The ultimate aim is the fusion of the two methods or, more cor- 
rectly, the meeting of the workers digging the tunnel from the two ends. 

One of the decisive merits of the Pavlov doctrine of nervous system 
types lies in the fact that Pavlov understood types of nervous activity 
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as “different combinations of the basic properties of the nervous system”’ 
[43; III, Bk. 2, 267]. In this conception lies the scientific importance and 
the great future of the Pavlov doctrine of types. 

It should be noted, however, that in the literature on higher nervous 
activity the word “‘type” is used in another as well as this, its main sense, 
namely type as the characteristic “pattern”? or “‘picture’ of the behaviour 
of animals or man. Kupalov [30] was the first to direct attention to the 
difference in these two meanings, and this question has been analysed 
by me elsewhere [63]. In analysing the history of the development of the 
doctrine of types of higher nervous activity in animals during the life 
of Pavlov, I attempted to show that there was a gradual transition from 
predominant use of the general “‘picture’’ of animal behaviour for deter- 
mination of nervous system types to strictly experimental indices of definite 
properties of nervous processes [63: 7]. 

Towards the end of his life Pavlov became convinced that the basic 
properties of the nervous system on which the theory of animal types 
must be based were the following three: (1) strength of the nervous pro- 
cesses; (2) their mobility; and (3) the balance between processes of ex- 
citation and inhibition. In his well-known work, “The General Types of 
Higher Nervous Activity of Animals and Man” [43: III, Bk. 2, 267], 
Pavlov summarized the experimental methods used for the determination 
of these properties in dogs by the classical salivary method. Concerning 
““types’’, Pavlov wrote the following in this paper: ‘‘The possible variations 
in the basic nervous processes and the possible combinations of these 
variations should produce types of nervous system numbering as least 
24 by arithmetical calculation, but actually very much fewer, namely 
four sharply defined, easily recognizable types and, what is important, 
differing in their capacities for adaptation to the surrounding medium 
and in their resistances to pain-producing agents” [43: IIT, Bk. 2, 290]. 

What were the reasons that compelled Pavlov to select 4 types from 
24 (at a modest calculation!) possible combinations of basic properties? 

(1) “Sharply defined and immediately recognizable’. This argument 
arises from the conception of type as a “‘model’’ of behaviour. As, how- 
ever, I have shown elsewhere [63: 23—30], even in experimental dogs 
typical pictures of behaviour are not direct and unequivocal indications 
of the types of higher nervous activity, understood as complexes of certain 
properties of the nervous system, a fact which Pavlov himself noted and 
stressed repeatedly. Nevertheless, this argument can, of course, be a serious 
scientific argument in relation to application of the theory of “‘four types”’ 
to man. 
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(2) “Capacity for adaptation to the surrounding medium’’. This ar- 
gument cannot be deliberately transferred from dogs to man: in man the 
capacity for adaptation to the surrounding medium is very definitely 
determined by factors different from those operating in the case 
of animals. 

(3) “Resistance to pain-producing agents’. This basis is difficult to 
subvert on any a priori theoretical grounds. Yet the following fact merits 
attention. Numerous attempts have been made to establish connections 
between certain diseases and types of higher nervous activity. When such 
works are examined carefully, it is found that this connection—were it 
indeed demonstrated by the investigators—was not so much _ between 
the disease and the types as a characteristic complex of properties as be- 
tween the disease and a certain property or certain properties. Davidenkov, 
for example, observed a connection between inertia of the nervous system 
and neuroses (the main purveyors of neuroses were pre-eminantly the 
most inert natures) [10; 67]; Chernorutskii [65], and Langbelonogova and 
Kok [31] detected some connection between hypertensive and ulcerative 
disease and weakness and imbalance of the nervous system. The question 
arises whether it would not be more advantageous to direct one’s efforts 
to determination of the particular property of the nervous system which, 
a priori could play some part in the development of a particular disease 
instead of attempting which is extremely difficult and only provisionally 
successful — to classify the patients according to the “four types’”’. 

The idea of the “‘four types’? and their analogy with the four types 
of temperament was developed by Pavlov before maturation of his doctrine 
of the basic properties of the nervous system, which was reflected in the 
last papers by the great physiologist. It is understandable, therefore, 
that the first serious attempts to apply the Pavlov doctrine of types of 
nervous system to man were made on the basis of the schema of the “‘four 
types” rather than on doctrine of definite properties of the nervous system. 

These first serious attempts were linked with the name of Ivanov-Smo- 
lenskii and with the investigations of his co-workers. In his laboratories 
four “types of closing activity’, distinguished mainly by the rapidity of the 
formation of positive and inhibitory conditioned connections, were iden- 
tified by means of the motor method with speech, alimentary or orienting 
reinforcement: these types were labile, inert, excitable and inhibitory. 
The experimental investigations of Novikova [42], Kotlyarevskii [25], 
Pen [49] and others may be recalled in this connection. These experimental 
works were carried out in the late twenties (the last two were published 
in 1933 but “were finally formulated in 1932”. See [17:7}). 
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It can be assumed that the four-member classification of “types of 
closing activity in the child’, suggested by Ivanov-Smolenskii, was de- 
veloped on the basis of the four-member classification of types of nervous 
system in animals, proposed by Pavlov in 1927. Ivanov-Smolenskii and 
his co-workers advanced a step, however, by suggesting an experimental 
criterion for differentiating two balanced types and introducing the terms 
“labile” and “inert” to designate them, terms which Pavlov subsequently 
used to denote the two opposite poles in the parameter of mobility. 

During the period between 1927 and 1935 Pavlov made several re- 
examinations of the principles for the classification of types of higher 
nervous activity as he tried to gain as deep an understanding as possible 
of the basic properties of the nervous system and the interrelationships 
between them. The history of Pavlov’s development of the doctrine of 
nervous system types, an outline of which T have tried to give in one of 
our papers [63: 6-23], presents an instructive picture of the great scient- 
ist’s untiring creative research. During this period Pavlov discovered the 
third basic property of the nervous system—its mobility. The last cla- 
sification given by Pavlov is built primarily on the principle of the strength 
of the nervous system as the most important of its properties, the principle 
of balance of the nervous processes, on which his 1927 classification was 
constructed, being shifted to second place (see my paper mentioned above, 
p. 77 et seq.). The 1935 classification differed in principle from the 1927 
classification (as also from earlier draft classifications of types). In the 
1935 classification the types were consistently described for the first time 
as “complexes of the basic properties of the nervous system’; here too 
the experimental methods for the determination and investigation of each 
of these properties were systematized for the first time. 

The number “four”, however, remained in 1935 as in 1927, es did 
also the relationship of these four types with the names of the temperaments 
which have come down from antiquity (although not from Hippocrates, 
as is generally thought) *. This fact, which is quite unreal from the phys- 
iological standpoint, has had a very harmful effect on development of 
the application of Pavlov’s doctrine of types of nervous system to man. 

* The doctrine of the four temperaments was developed in late antiquity, several 
centuries after Hippocrates. In the writings of Hippocrates himself we find only reference 
to the presence of four fluids in the body of man and to the fact that man’s health depends 
on correct proportions between these fluids (“On the Nature of Man’’; 4), with also 
the conception of ‘“‘melancholia’’: ‘‘Prolonged suppression of fear and grief are the signs 
of melancholia” (‘‘Aphorisms’’, VI, 23; see (7: 198-199 and 723]). For the history of 


the doctrine of temperaments in the science of antiquity sec, for example, Siebek [69: 
278 et seq.]. 
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A completely erroneous conviction was created, particularly in those 
who attempted to apply the Pavlov theory for practical purposes in med- 
icine and education, that it was a question of dividing people (particularly 
patients and children) into four types more or less corresponding to the 
four traditional temperaments. It was often found (and the frequency 
was greater, the more conscientiously the investigator approached the 
task) that most of the individuals examined did not fit into any of the 
four types: these individuals were designated “intermediate’’ types. 

The experimental determination of types was generally effected by one 
or other variant of the Ivanov-Smolenskii method. Four types were deter- 
mined by this method but, as has just been shown, these were quite diff- 
erent in content from the “four types” of which Pavlov wrote in his last 
classification which is expounded in all textbooks of physiology and psy- 
chology and which is tacitly accepted as beyond discussion and ‘“‘final’’. 
This circumstance, which is vital to the whole sense of the matter, is not 
usually given any attention: it is assumed that the “four types’? determined 
by the Ivanov-Smolenskii method are also the “Pavlov types’. 

From 1933 [17] right up to his last published statements on the subject, 
Ivanov-Smolenskii himself insisted on stressing that it was not types of 
higher nervous activity as a whole but merely types of closing activity 
in the cortex that were investigated in the studies made in his laboratories. 
In 1953 he wrote that the systematic classification of these types was based 
on the principles of balance and mobility [20; 47], while in countless text- 
books, popular and other expositions of the Pavlov doctrine it has been 
constantly repeated that the first principle of Pavlov’s classification of 
types was that of strength. Finally, it must be mentioned that it was no 
other than Ivanov-Smolenskii himself who, in a number of his published 
statements, laid special emphasis on the fact that the number of “typo- 
logical variations” according to the Pavlov doctrine of types should not 
be limited to four (see [18: 80-81] and also [19] and [20]). There are there- 
fore no grounds for considering that Ivanov-Smolenskii shared these 
mistaken views on the way to apply the Pavlov doctrine of types which 
we are discussing to man. Ivanov-Smolenskii* can, however, be reproved 
in that on none of the many occasions on which he expressed his views 
on these problems in print did he clear up the widely current “‘misunder- 
standing’’, which could not but lead to some discrediting of even the idea 


* I had occasion to examine in detail some, in my opinion, erroneous positions 
taken up by Ivanov-Smolenskii in relation to the understanding of types of nervous 
system (see [63]). They do not, however, have any direct bearing on the problem with 
which we are now concerned. 
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of the importance of development in the application of Pavlov’s doctrine 
of nervous system types to man. 

In 1939 Krasnogorskii published in his book his classification of types 
(first suggested by him in 1931), based on the principle of relationship 
between the cortex and subcortex, the types being central, subcortical,° 
cortical and anergic (26: 102-104]. This classification had nothing in 
common with the Pavlov classification, but it too retained the number 
‘four’, and it was regarded by many as the application of the Pavlov 
doctrine of types to children, inasmuch as its author, a pupil of Pavlov’s, 
also worked by the conditioned reflex method. In 1952 Krasnagorskii 
described a new variant of the four-member classification of types, the 
general arrangement of which corresponded to the Pavlov classification, 
but one of the types (Pavlov’s “‘impetuous”’ type) was now characterized 
by a thing which Pavlov did not have in mind, namely predominance of 
the subcortex over the cortex [27]. The interrelationship between cortex 
and subcortex is an important property of higher nervous activity. Kras- 
nogorskii’s merit 1s the stressing of this property. The investigation of 
this problem and the demonstration of its importance in relation to in- 
dividual differences in people may constitute an interesting research prob- 
lem. Yet why should a classification of types based solely on this property 
give exactly “‘four’” types and why should these four types correspond 
in any sense with the four Pavlov types? Why with the introduction of 
a new property (predominance of the subcortex) into the Pavlov classific- 
ation should the number “four’’ remain, enigmatically, unchanged, and 
even the type, distinguished by this new sign, still be termed “impetuous”’ 
or “‘choleric’’? 

It is possible to cite many similar examples of the use of schemas con- 
sisting of four types with the Pavlov names or with names borrowed after 
the Pavlov model from the traditional nomenclature of temperaments 
but without any attempt to retain the Pavlov content of the types. This, 
however, is hardly necessary. The works that have come from the labor- 
atories of Ivanov-Smolenskii and Krasnogorskii are still the most influential. 

We are of the opinion that Pavlov’s discovery of the basic properties 
of the nervous system is of the greatest importance for the elucidation 
of the individual differences in men, and not at all his recognition of four 
types which correspond more or less with the traditional temperaments 
as the fundamental types. The number “four” is not the result of any 
scientific considerations. 

It cannot even be said that it is a very fixed tradition in the science 
of the temperaments of man to distinguish exactly four temperaments. 
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It is true that Aristotle, Kant, Wundt, Ebbinghaus, Fontier and many 
others reckoned there were four temperaments (employing, incidentally, 
totally different principles of division). On the other hand, the great Roman 
physician, Galen, counted 13 temperaments (see [69: 284]), H6dfding 8 
[6: 341], Heymans 6 [71: 484], Ach [68: 314-324], Metman 12 [37: 288] 
and so on*. Also, it would be quite unnatural to deduce the number 
of types of nervous system from the number of temperaments: temperament 
is the psychological manifestation of type of nervous system, and not 
the other way round. 

The evidence afforded by study of animal types of netvous system 
indicates that types exist which do not correspond to any of the four Pavlov 
types, nor are yet intermediate types. Such, for example, are (1) the type 
with absolutely strong stimulatory and absolutely weak inhibitory pro- 
cesses, differing essentially—a fact recognized by Paviov himself—from 
the ordinary “impetuous” (choleric) type, in which both processes are 
strong, absolutely, and the stimulatory process has only relative predom- 
inance over the inhibitory (for details, see [63: 78-79, 92]); (2) the un- 
balanced type with predominance of inhibition over excitation (J/bid. 
p. 86-90, 92); and (3) types which are unbalanced in respect of the mobility 
of the processes of excitation and inhibition (bid. pp. 90-91). 

There is no reason whatever to believe that these types cannot be 
characteristic types in man also. 

If a type is understood as a complex of the basic properties of the 
nervous system, then decision as to how many main types should be recog- 
nized and what these types should be will demand a study of the relation- 
ship between the individual properties and what combinations of the prop- 
erties are the most natural, the most “typical”. This question must be 
regarded as virtually unexplored. In the Pavlov classification of types 
provision is made only for the combination of inertia with strength and 
balance of the nervous system (phlegmatic type). There is, however, evidence 
that combination of inertia with imbalance and again with weakness 
of the nervous system are more common and “typical”? phenomena than 
its combination with strength and balance [63: 96]. 

Our task is not merely to retain Pavlov’s doctrine on types of higher 
nervous activity and to apply it to man, but to develop this doctrine cre- 
atively, recognizing clearly that it is its basic principles that really constitute 
Pavlov’s guiding idea. 


* In Soviet psychological literature some material on the history of the temperaments 
problem is to be found in the work of Eres’ [13]. 
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We consider it erroneous and harmful, practically, to think that the 
basic principle of Pavlov’s doctrine of types is the recognition of “‘four 
types” analogous to the four traditional temperaments (and “intermediate”’ 
types between them). It is impossible, by reasoning on these lines, to escape 
from the circle of purely descriptive “‘typology”. The conceptions on the 
basic properties of the nervous system, which were intended by Pavlov 
to be exact physiological conceptions, are converted by such an approach 
to the problem into several “‘metaphorical’’ conceptions, into a means 
of translating into everyday physiological language the social conceptions, 
but not scientific psychological conceptions, on the features of man’s 
character. This approach to the question renders the discovery of methods 
for the objective examination of definite properties of the nervous system, 
a problem which is very complicated and difficult in its application to 
man, unnecessary. Any method, whether the collection of anamneses, 
superficial observation or rapid experiment by some kind of “‘portable”’ 
method, is suitable for the division of people into four types, based, of 
course, not on the physiological peculiarities of their nervous systems 
but on the most obvious vital indices or on the indices arrived at in ‘‘por- 
table’ psychological experiments provisionally accepted as “signs of div- 
ision’’, In this approach the conception of type as “‘a complex of the basic 
properties of the nervous system” is in fact (irrespective of the intentions 
of the authors or their references to the principle of the Pavlov classifi- 
cation) replaced by a conception of type as a characteristic ‘“‘standard 
pattern” of behaviour, as a typical mode of reaction. Sometimes the con- 
ception of type becomes tautological: man’s belonging to a certain type 
is determined on the basis of a single behavioural characteristic which 
is typical of the individual, and this same characteristic is explained in 
a quasi physiological way as belonging to that type. Pavlov’s conception 
of types of nervous system is discredited, and investigators who wish to 
defend the Pavlov view declare the conception of type to be “parasitic” 
and at variance with the Pavlov principle of determinism (see the paper 
by D. Zeidenberg-Solomonidis in the progressive French journal, La 
Raison [74)). 

With such an approach Pavlov’s doctrine on types loses its entire 
Innovatory meaning. 

We consider that the basis of principle in this doctrine lies in 
the discovery of those properties of the nervous system on which 
a classification of types can be produced. We regard it as essential, 
therefore, to proceed from “properties” to “types” and not from 
““‘types’”’ to “‘properties”’. 
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While completely cognisant of the fact that this is an unusual course 
and that, far from promising rapid results, it suggests prolonged and 
difficult work, our collective’s immediate aim was nevertheless to study 
in man the basic properties of the nervous system which might serve as 
parameters for classification. We did not consider it possible to proceed 
actively with the investigation of types as “complexes of these properties” 
until we had made a sufficient advance in the study of the individual pro- 
perties and the relationships between them. 


3 


The basic properties of the nervous system are not features or signs 
of the behaviour or character of man. They cannot be “observed” di- 
rectly. They must be discovered by special investigation. 

What we can observe directly—the “pattern of behaviour” or the 
“actually occurring nervous activity’ —is, in Pavlov’s expression, “‘coal- 
escence of type features with changes determined by the external medium”’ 
{43: III Bk. 2, 334]. Our task was to separate “‘type features”, that is, the 
basic properties of the nervous system, from this fusion. This was the 
rationale of our work. This task is, of course, a difficult one. But any 
task which is truly scientific and not simply descriptive is difficult. 

Ivanov-Smolenskn rightly wrote: “While determination of nervous 
system types in animals is not always easy, in the case of man this task 
becomes immeasurably more complicated and presents extraordinary 
difficulties”. And a little further on: ““We would remind the reader yet 
again that Pavlov regarded the study of types of higher nervous activity, 
particularly in man, as a difficult and sometimes even an insurmountably 
difficult task’ [18: 185 and 188] *. 

It would of course be utterly wrong to draw pessimistic conclusions 
from Pavlov’s words on the “‘as yet almost insuperable difficulty assoc- 
iated with determination of types of higher nervous activity” ((43: III, 
Bk. 2, 269]—my italics—B. T.). On the same page Pavlov also points 
to the means for “‘overcoming this difficulty”: “the forms of our diag- 
nostic tests must be multiplied and varied as much as possible’. Pavlov 
reckoned that it would be possible to separate the natural features, the 
true typological properties, from the “amalgam” by work on these lines. 

This statement of Pavlov’s has guiding importance for us also in our 
investigations on the properties of the human nervous system. For man, 


* Cases are, unfortunately, not infrequently based on the authority of Ivanov- 
Smolenskii by those who have regarded the determination of nervous system types in 
man as a comparatively simple and easy task. 
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however, an incomparably greater variety of “‘diagnostic tests’ than in 
the case of animals is required. 

We regard the properties of the nervous system as “natural properties” 
but not necessarily as inherited properties; they may be the result of in- 
trauterine development or again, of the developmental conditions during 
the early period of life. In the context of our subject I have, therefore, 
thought it correct to refrain from use of the term “genotype”? which would 
be a direct indication of the hereditary nature of type properties. In the 
just expression used by Voronin in his review of a collection of papers 
from our laboratory, the question of the hereditary nature of type pro- 
perties in the case of man “has still purely theoretical significance”’ [5: 176]. 

We cannot, however, agree with Voronin that, while the argument 
on the relationship between “genotype” and “phenotype”? remains un- 
settled, “‘the investigator should strive after the development of methods 
for determining the individual features of the higher nervous activity of 
man as it actually exists” and that “‘the investigator must deal with types 
“overgrown” with conditioned connections and must study them just as 
they are’’ [5: 176]. If we follow such a course, we obtain a typology which 
operates by the Pavlov parameters of “natural properties’’ only in words, 
but is actually investigating the “‘amalgam” in which these properties 
are “latent” or “masked” by conditioned connections. Inasmuch as we 
rejected the conception of “type” as fundamental and took the Pavlov 
conception of the natural properties of the nervous system as our basic 
conceptions, we thus recognized the groundlessness of a pessimistic attitude 
to the possibility of separating these properties from the “amalgam” and 
thus cut ourselves off from the path to simple and facile determination 
of types “as they actually exist’. 

The difficult and tedious work of seperating the natural properties 
of the nervous system from the “amalgam” is justified by the fact that, 
in addition to yielding a description of the individual features in man and 
their classification (this can achieved much more simply and much more 
rapidly by the study of types “as they actually exist’’), it opens up the 
way towards an explanation of the origin of certain individual features 
and towards the discovery of methods for individual approach to man— 
in education in the case of children and adolescents and in the fixing of 
the best regimes of work and living in the case of adults. 

If we may have recourse to a very remote and coarse analogy, the 
analysis of the natural properties of the nervous system can be likened 
to a soil analysis. The immediate physiological basis of individual diff- 
erences in personality is constituted by complex permanent systems of 
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connexions formed in the process of vital education in the widest sense 
of the latter word. But both the formation and the functioning of these 
systems of connections depend essentially on the natural properties of the 
nervous system, just as the nature of the growth on a particular area of 
ground depends essentially on the properties of the soil. No plant of any 
kind can, of course, grow on this area if the seeds of that plant have not 
fallen there. But the success and nature of the growth will depend in large 
measure on the properties of the soil. No psychological property can 
develop if it is not evoked in some way or other by the individual’s life. 
But the effects of life impinge on different nervous systems in different 
individuals, fall on different “‘soils’’. So that to know the final result it 
is essential to know the properties of the “‘soil’’. 

Our task is to find means for analysis of the properties of the “‘soil’’ 
and to demonstrate how these properties affect the “growth of the plants’’. 
This cannot be replaced by a description of the flora of the area and clas- 
sification of the vegetational landscapes. 

The true basic properties of the nervous system are the strength and 
mobility of the nervous processes. The third property mentioned by Pav- 
lov—balance—is secondary, a derivative property, for the simple reason 
that here it is a question of balance in strength or mobility. Unless the 
strength and mobility of the nervous processes in a particular individual 
are known, it is impossible to speak in a strictly scientific sense, although not 
metaphorically or descriptively, of balance or imbalance in his nervous system. 

It is now hardly a matter of doubt that there can be disequilibrium 
in the mobility of the nervous processes as well as in their strengths (Pav- 
lov (43: HI, Bk. 2, 268]; (44: III, 150-151]; Kupalov [29: 466-467]; Po- 
pesku-Nevianu [47: 64-65]; Rokotova [53]; Teplov [63: 90-91]}). The only 
point in doubt is whether, in the case of disequilibrium in strength, there 
may be predominance of inhibition over excitation as well as predominance 
of excitation over inhibition (Pavlov [43: III, Bk. 2, 268 and 273]; Maizel’ 
[34]; Teplov [63: 85-90]). 

In the classification of types serious significance should be attached 
to the sign of disequilibrium—to a greater extent than was done by Pavlov 
in the last version of his classification of types, in comparison with earlier 
versions. Having, however, taken as our primary objective the study of 
the basic properties of the nervous system and not the investigation of 
types, we must obviously concentrate our attention on the examination 
of strength and mobility. 

The following questions of general fundamental importance arise in 
connection with these basic properties of the nervous system. 
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First of all, there is the question of whether each of these properties 
is a “single property” or one which, as a result of intensive investigation, 
can be “split” into a group of similar properties. 

We regard the strength of the nervous system as a “single property’’, 
which is represented mainly by the “efficiency of the cerebral cells” (Pavlov 
[43: III, Bk. 2, 344]). Two aspects can be distinguished in this property: 
(1) “‘efficiency in the strict sense’, that is, capacity for the prolonged 
maintenance of concentrated excitation without exhibition of ultra-boun- 
dary (prohibitive) inhibition; and (2) the ability to reveal no prohibitive 
inhibition in response to the action of a single but, in the given conditions 
(e.g. increased excitability as a result of caffeine administration), excess- 
ively strong stimulus. Methods for testing each of these two aspects of 
the strength of the nervous system have been elaborated in our laboratory 
by Rozhdestvenskaya [52, 51]. We do not yet have sufficient experimental 
evidence to say whether the results of tests of these two basic indices of 
the strength of the nervous system are always concurrent. 

The question of the “complexity” of nervous system mobility, of its 
various forms or aspects, was first raised in our laboratory in the work 
of Ravich-Shcherbo [50]. An analysis of all the factual evidence and the 
theoretical considerations which have been published on the question 
of mobility allows of the possible conclusion that in the doctrine of higher 
nervous activity the idea of mobility includes all the time characteristics 
of the work of the nervous system and all aspects of this work in which 
classification by speed can be applied. The indices of mobility, interpreted 
in this wide sense may be: (1) the speed of first development of a nervous 
process; (2) the speed of movement, irradiation and concentration of 
nervous processes; (3) the speed of arrest of nervous processes; (4) the 
speed of replacement of inhibition by excitation and of excitation by 
inhibition; (5) the speed of formation of new positive and inhibitory con- 
ditioned connections; and (6) the speed of reaction change in the external 
conditions, e.g. switching of the signal significance of stimuli, change 
in the stereotype etc. (see Teplov (63: 60-72]). No systematic comparison 
of these indices in the same subjects has as yet been made. Comparison 
of the findings of different authors, obtained under different conditions 
and on different subjects cannot reveal whether mobility is a single property 
or not. This question remains open and can only be decided by experi- 
mental investigation. 

Secondly, a very important question is that of the relationship between 
strength and mobility. It has not, however, been investigated so far. The 
Importance of this question and the need to consider it in any attempt 
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to explain discrepancies between the various manifestations of mobility 
have been justly stressed by two authors who have given detailed critical 
analyses of our laboratory’s published papers, Zimkina [15] and Vo- 
ronin [5]. 

Thirdly, there is the question of whether the degree of concentration 
of the nervous processes and the firmness of connections can be regarded 
as an “independent” property of the nervous system, along with strength 
and mobility (see [63: 97-98]). The idea of “‘concentration’”’ as an inde- 
pendent property belongs to P. S. Kupalov. It was, however, put forward 
by Kupalov merely as a hypothesis: ““We were unable’’, he wrote, “‘to find 
the experimental forms which would enable us to draw any final con- 
clusion” [30: 14]. M. N. Borisova has carried out special investigations 
in our laboratory on discrimination thresholds and thresholds for fine 
sensory differentiations which we regard as demonstrative of concen- 
tration of nervous processes (unpublished experiments). Even the ex- 
periments of this form have still not led to definite solution of the problem 
of the connection between strength and concentration of nervous pro- 
cesses. The idea of regarding “stability” as an independent property of 
the nervous system was suggested first by Asratyan and Yakovleva [66]. 
There is sharp discussion as to whether “stability of connections” is an 
independent property or one of the manifestations of inertia [63: 73-76]. 
A. N. Vasilev is now carrying out some experimental work in our laboratory 
which should introduce some clarity into this complex problem. 

Fourthly, it is essential that we raise the question of the correctness 
of the widely held view on strength and mobility as positive qualities 
and weakness and inertia as qualities which are negative in all respects. 
The theoretical formulation of this view has been expressed in emphatic 
form by Davidenkov [10: 18]. In describing the separate types Pavlov 
himself expressed a somewhat similar view although, as I have tried to 
show in my previous papers, the theoretical analyses of the conceptions 
of weakness and inertia given by Pavlov were opposed to this view. 

In psychology this widely held view has led to excessively simplified 
and actually harmful conceptions of the “possibilities”? of individuals 
with weak or inert nervous systems: the strong type is the “‘good type”’ 
and the weak type is the “‘bad type’, and so on. 

We have been guided in our work by the hypothesis that the concept- 
ions of weakness and inertia are not conceptions which are negative in 
their content (absence of strength or of lability). We postulate that weak- 
ness and inertia of the nervous system are properties which have both 
positive and negative aspects. The considerations which support this 
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hypothesis as a whole have been developed in detail in some of my other 
papers [62, 63], According to our hypothesis, a weak nervous system 
is characterized not only by the negative property of a low limit of working 
capacity, but also by the positive property of high reactivity and, partic- 
ularly, high sensitivity. The first step towards proof of this hypothesis 
was the work of Nebylitsyn, who demonstrated an inverse relationship 
between strength of nervous processes in the visual analyser and absolute 
visual sensitivity [40]. The positive properties of an inert nervous system 
are, according to this hypothesis, firmness of connections (unless it 1s 
proved that firmness is an independent quality) and more facile formation 
and maintenance of stereotypes. 

We are of the opinion that the two parameters (strength-weakness 
and lability-inertia) should be regarded, not as two parameters of the 
degree of perfection of the nervous system, but as parameters which, at 
their opposite poles, depict qualitatively different means for the establish- 
ment of the organism’s equilibrium with the medium. The fundamental 
point is not that all problems are dealt with easily by a strong nervous 
system, but that the strong nervous system deals with some problems 
better and the weak nervous system deals better with others, and when 
the same problem is to be solved the weak and strong nervous systems 
must approach it in different ways. 

It is of interest to note that the two authors who had occasion to ex- 
press their detailed views on this hypothesis (Zimkina [15] and Voronin [5}) 
advanced no arguments against it as a whole and gave completely opposite 
appraisals of its two parts. Voronin did not object to recognition of the 
weak nervous system, from the psychological and paedagogic standpoints, 
as a system of different “‘type” and not of different “level of perfection’’, 
but he doubted the advisability of a similar formulation of the problem 
in the case of inertia of the nervous system. Zimkina considers the positive 
assessment of the weak type of nervous system doubtful but agrees that 
“inertia of nervous processes, provided that it does not go beyond certain 
limits, is a basic, positive and very important property of the nervous 
system”’. 

This difference of opinion between two competent physiologists is an 
indication that the material content of our hypothesis must be tested in 
intensive experimental work. The hypothesis in question suggests the 
direction that this work should take and offers a number of special subjects 
for experimental investigations. 

Finally, the fifth point is the question of “‘general’? and “‘special’’ 
(partial) properties of the nervous system. 
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When an individual is noted as having great mobility or strength of 
nervous processes in the visual region, does it follow that he must necess- 
arily have great mobility or strength of the nervous processes in the auditory 
or motor region? Analysis of the vital facts led us to formulate the fol- 
lowing hypothesis: there are, in addition to the general typological pro- 
perties characterizing the nervous system as a whole, special (partial) 
typological properties peculiar to the individual analysers or individual 
cerebral systems. 

This question was raised in relation to the mobility parameter in the 
investigation of Myasishchev and his group. This author emphasized the ab- 
sence of any parallelism between “‘motor mobility” and “‘mobility of mental 
processes”’ and also between “intellectual and emotional mobilities” [38 :49]. 
Popesku-Nevianu obtained experimental evidence which, he considers 
“proves definitely that there can be considerable differences between the 
levels of mobility in the general motor and speech motor analysers” [47: 64]. 

Nebylitsyn has recently carried out some experimental investigations 
in our laboratory in which he determined the strength of the cortical cells 
in the visual and auditory analysers by several methods in a small random 
group of subjects (25 individuals) [41]. The strength characteristics of the 
visual and auditory analysers were in agreement in 18 subjects (72 per 
cent) but in the remaining 7 there was discrepancy, sometimes quite marked, 
between the strength characteristics of the cortical cells in the two analysers. 

This is only the first step in a reasonably exact experimental examina- 
tion of the problem of general and special properties of the nervous system. 
It affords grounds for the conclusion that in most people (about 75 per 
cent) the strength of the cortical cells can be regarded as a property equally 
applicable to the visual and auditory analysers (and possibly to the nervous 
system as a whole), but that in some the visual and auditory analysers 
have quite different strength parameters. 


4 


Strength and mobility are properties of the nervous system and not 
properties of individuality. These are physiological and not psychological 
conceptions. Physiologically, they are of single significance, but have 
multiple significance psychologically. This means that different psycho- 
logical features of individuality can emerge in the course of development 
under different conditions of life and education in the presence of a strong 
(or weak) and mobile (or inert) nervous system. 

Yet these conceptions have very real explanatory significance in the 
psychology of personality or, more accurately, in questions of individual 
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psychological differences in personality. According to the Marxist concept 
of determinism, external agencies affecting man always act through internal 
conditions, are always mediated through these internal conditions. This 
viewpoint has recently been developed in detail by Rubinstein ((56] and 
more particularly [57]). The inborn properties of the nervous system 
naturally constitute the most important element in these internal 
conditions. 

I believe that Rubinstein is absolutely right in distinguishing two 
main aspects in the psychological features of personality, namely, character 
and capabilities [57]. The separation of these two aspects is effected by 
psychological, and not physiological, criteria. From this standpoint tem- 
perament cannot be regarded as a special, third psychological character- 
istic of personality. Temperament can only be regarded as a special problem 
within the problem of character. 

At the present time all Soviet psychologists link temperament in one 
way or another with the typological properties of the nervous system 
(see Palei and Pshenichnov [45]; Kovalev [22: 9 and 18]; Kovalev and 
Myasishchev [23: 157]; Levitov [32: 2nd edition, 52]; and others). There 
are, however, different views on the relationship between temperament 
and character. Palei and Pshenichnov regard temperament as being in- 
dependent of character. Levitov pronounces temperament to be outside 
the limits of character by analysing the relationship between temperament 
and character in the context of “‘character and other features of person- 
ality”. It will be clear from what has been discussed above that a more 
correct view would appear to be that of Kovalev and Myasishchev, who 
suggest that “temperament is not something external in the character of 
man but forms an organic part of its structure’? [23: 159]. A detailed dis- 
cussion of this problem is beyond the scope of this paper. 

I must, however, dwell a little on the content of the actual conception 
of “temperament’’. 

In the development of this question psychologists came face to face 
with a sharp contradiction. There was in the history of psychology, on 
the one hand, a very long tradition whereby temperaments were described 
in terms of definite psychological features (although, incidentally, dif- 
ferent authors based their descriptions of temperaments on completely 
different features). On the other hand Pavlov had in 1927 identified tem- 
peraments with types of nervous system, and indeed did this in very cat- 
egorical form: “We can, with complete justification, transfer the types 
of nervous system established for dogs, ..... to man. It is obvious that 
these types are what we term temperaments in man. Temperament is 
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a general, over-all characteristic of each individual person, the general 
basic characteristic of his nervous system, and the latter gives a particular 
stamp to all the activity of each individual [43: III, Bk. 2, 85). 

How are we to “graft”? the psychological definition of temperament 
on to the Pavlov conception of it as type of nervous system, as the most 
fundamental characteristic of the nervous system? I submit that this prob- 
lem cannot be solved by any a priori theoretical considerations if an attempt 
is made to base the determination of temperament simultaneously on 
certain psychological features and certain properties of the nervous system. 

The solutions proposed for this problem have often taken quite in- 
genuous forms. 

The chapter on temperaments in my textbook of psychology for middle 
schools will serve as an example. The following definition of temperament 
is given in the last (from the 5th to the 8th) editions of this textbook. “The 
term temperament is applied to the individual peculiarities of the indi- 
vidual as manifested in (1) emotional excitability..., (2) a more or less 
marked tendency to strong outward expression of feelings.., and (3) 
rapidity of the movements and general mobility [59: Sth edition, 239]. 
This definition made it possible to give a more or less balanced and brief 
description of each of the four traditional temperaments, to give typical 
**models”’ for the choleric, the sanguine and so on. But how are we to 
reconcile this definition with the statement on the next page that the char- 
acteristic features of the temperaments are explained by the properties 
of higher nervous activity which are the basis for the separation of the 
types of higher nervous activity (strength, balance and mobility)? Indeed, 
the tendency to powerful outward expression of the feelings and rapidity 
of movements may be the results of “habit-formation’’, of training during 
life, and are not in any way to be explained by properties of the nervous 
system. On the other hand, why were only “individual features’ selected 
for the definition of temperaments? Surely the properties of the nervous 
system “give a particular stamp of some kind or other to all the 
individual’s activity’’. 

Very similar answers to this problem are given in the text-books of 
psychology by Ivanov [12: 343], Yegorov [12: 52], in the first edition of 
Levitov’s book on character [32: 60] and in a number of other works. 

A wider definition of temperament was given by those authors who 
included in it, along with emotional excitability (Kornilov) or simply 
““psychical excitability” (Yeres’), also “‘rapidity and strength of psychical 
processes” (Yeres’ [13: 114]; Kornilov [24: 133]). “‘Rapidity and strength 
of psychical processes” is, of course, very similar to mobility and strength 
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of nervous processes. But this terminological similarity may lead to error. 
Rapidity of mental processes is often determined directly by habit, training, 
skills and by the individual’s knowledge in the particular field concerned. 
The expression “strength in the flow of mental processes” is difficult to 
understand, and it is even more difficult to correlate its content with the 
content of the physiological concept of strength of the nervous system. 

Rubinstein’s definition was an improvement on other psychological 
definitions: ‘““Temperament is the dynamic depiction of the individual’s 
psychical activity” [54: 656]—an improvement because it is wider in con- 
tent. Neither, however, did it solve the problem which confronted psychol- 
ogists after the appearance of Pavlov’s conception of the identity of type 
of nervous system and temperament (or even of the direct dependence 
on temperament and type of nervous system). The value of the conception, 
“dynamic characteristic of psychical activity’, lies not so much in its 
positive content as in the fact that it separates temperament from the 
content of the spiritual life of personality (attitudes to life, ideals, con- 
victions etc.) which is not, of course, connected with temperament (with 
type of nervous system). 

The least vulnerable and most correct in their basic conception are 
the definitions of temperament in which no description of its psychological 
characteristics is given and which merely indicate its dependence on type 
of higher nervous activity such as those of Zaporozhets [14: 175], Leites 
in the textbook of psychology of 1956 [48: 464] and Anan’ev [1: 45)}). 
In their further explanation of temperaments, however, the authors of 
such definitions have been compelled to speak of the psychological con- 
tent of this conception and, consequently, could not escape entirely from 
the difficulties connected with solution of the problem as formulated 
earlier. A serious attempt to examine some of these difficulties was made 
by Palei and Pshenichnov [45]. They were unable, however, to offer a com- 
plete answer to this problem—a matter for sympathy rather than blame. 

It will be clear from what has been said that the concept of temperament 
should include the psychological manifestations relating to character and 
not to abilities, which are determined by the properties of higher nervous 
activity. It is probably true to say that the inborn character basis is most 
directly expressed in temperament. 

This essentially formal definition of temperament is still, however, 
very remote from a genuinely psychological definition of temperaments. 

If it is taken as a serious conception and not merely as a verbal formula 
that “temperament is the psychological manifestation of the general type 
of higher nervous activity (Yakusheva [67]}—a view which was accepted 
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by an overwhelming majority of Soviet psychologists as soon as it was 
put forward—then it is necessary, first, to have means to determine the 
properties of type and, secondly, to know what the psychological mani- 
festations of the individual properties are, as well as those of types de- 
termined by combinations of these properties. 

Usually, however, no one worries about this. It is tacitly assumed 
that these are matters which are self-evident or have been explained by 
someone at some time or other. Yakusheva, for example, determined 
temperament in schoolchildren by way of conversations and observations 
and drew therefrom some far-reaching conclusions on matters of principle 
concerning variability of temperament. The “‘diagnosis of temperament” 
in studies of this nature (they are very many; I have taken Yakusheva’s 
paper merely as an example) are, however, made on the basis of certain 
psychological traits established by conversations and observations. How 
does the author know that these traits are actually “psychological manifesta- 
tions’”’ of the general type of higher nervous activity? The more fact that 
this question is apparently regarded by many investigators as unnecessary 
is in itself remarkable. 

It is quite possible that the “psychological types” described in works 
of this kind (i.e. in most works on temperaments) merit full consideration 
and that their investigation will be quite useful. But what are the grounds 
for introducing the Pavlov conceptions of the properties of the nervous 
system types to support them? Would it not be better to do without “verbal’’ 
reliance on Pavlov and conduct the analysis on the purely psychological 
plane? 

These doubts apply in even greater degree to many works in which 
types of higher nervous activity and not temperaments are discussed, 
but in which these types are determined solely on the basis of “‘vital indices’’, 
that is, more or less complex psychological manifestations of the person- 
ality. In these also it is generally assumed to be axiomatic that certain 
psychological traits are manifestations of the properties of nervous system 
types. 

This does not, of course, mean that all works which in any way concern 
the properties of nervous system types and have been based on “vital 
indices” (i.e. by observation, interview, natural experiment etc.) are devoid 
of scientific significance. 

Great attention should be paid to the communications on the “vital 
indices” of strength, balance and mobility of the nervous system made 
from their wide clinical experience by the leading workers in the former 
Pavlov neurological and psychiatric clinics (Birman [4]; Davidenkov [10]; 
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Ivanov-Smolenskii [18]). The papers by these authors on the “vital indices” 
of the basic properties of the nervous system are reasoned hypotheses 
of great importance for the direction of experimental research on the 
subject. 

A certain interest attaches to the works of the Leningrad psychologists, 
carried out under the direction of Samarin, which were based on prolonged 
observation and to some extent on natural experiment on infants, pre-school 
and primary school children (Gorbacheva [8] and [9]; Davydova [11]; 
Samarin [58]). The work of Umanskit [73] is an attempt at the more highly 
differentiated analysis of the indices of the individual properties of the 
nervous system in natural experiments with preschool children. 

Others as well as myself are of the opinion that the scientific conception 
of investigations based on vital indices, such as that carried out by Leites 
[33] in our laboratory, is quite a legitimate one. The purpose of Leites’ 
study was not to use certain psychological traits as indices of strength, 
mobility and balance which had been approved by someone or other at 
some time, but to demonstrate “‘any psychological features which could 
be accepted, even if only provisionally and hypothetically, as indices of 
the basic properties of types of nervous activity” [33: 300]. Such studies 
can only be built up by prolonged and careful investigation both of the 
psychological traits of the subjects (in this case school children of the 
upper forms) and of the details of their life, activity and the history of 
their development. The conditions required for integration of the psycho- 
logical features observed as indices of particular typological properties 
of the nervous system have been analysed by me in greater detail elsewhere 
[63: 106-107]. At the present time such investigations have the same sig- 
nificance as those of the leaders of the Pavlov clinics mentioned earlier: 
they are capable of yielding hypotheses for the experimental elucidation 
of the properties of the nervous system. Their main purpose in the future 
will be the practical testing of the results of experimental investi- 
gations. 

Useful in the same sense, too, are certain works in which temperaments 
or “types” as a whole are not examined, but only separate psychological 
features in man, which are analysed in relation to the doctrine of typo- 
logical properties of the nervous system. Such, for example, is the work 
of Belyayeva-Eksemplyarskaya on individual differences in attention [3]. 

From the point of view of principle, those works, as yet very few, 
in which psychological features, as determined from vital indices, are 
correlated with experimentally determined properties of nervous system 
types, must be singled out. 
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Such, for example, is the investigation of Makogonova [35, 36], in 
which features attaching to the division of attention* were correlated 
with the indices of balance and mobility of the nervous processes, arrived 
at by the method of motor reactions with preliminary instructions. 

Such also was the work of II’ina [2!], who made an attempt to dis- 
tinguish in such a character trait as “‘sociability” what depended on pro- 
perties of the nervous system (and particularly on mobility) and what 
did not depend on properties of the nervous system but was determined 
by the individual’s system of relationships. Although the experimental 
determination of mobility by the skin-galvanic reflex method (on which 
alone Il’ina relied) cannot be accepted as sufficiently exact, this does not 
vitiate the fundamental importance of the conception of the study. 

At the beginning of this section I mentioned Rubinstein’s idea of two 
aspects in the psychological characterization of personality—character and 
abilities. Temperament, as the psychological manifestation of the pro- 
perties of the nervous system, has a direct relationship with the inborn 
basis of character. On the other hand, the typological properties of the 
nervous system have a no less close relationship with the natural basis 
of capabilities, with what is generally termed “gifts”. 

This idea has been expressed by many Soviet psychologists in the last 
few years. Rubinstein expressed it in general form in 1952 [55: 226-227]. 
Myasishchev directed attention to the fact that the property of mobility 
was connected “in the closest manner’ with the conception of capabilities 
{38: 56]. Some authors, without stressing this conception in its general 
form, do actually include it among the individual features on which capa- 
bilities or the typological properties of the nervous system depend. One 
of these is Platonov, who includes ‘‘features of the strength, mobility 
and balance of nervous processes” among the “individual psychological 
features of personality, the aggregate of which constitutes the age capa- 
bilities’. In the second edition of his book on character, Levitov, 
in enumerating the “individual inborn features of the nervous system 
which influence the development of abilities’ and “which are termed 
gifts’, cites the features of higher nervous activity which constitute the 
basis of the Pavlov definition of typological properties of the nervous 
system {32: 2nd edition, 60]. 

I have on several occasions put forward the following hypothesis. 
“If general typological properties determine the temperament of man, 


* The criterion in this was the degree of success attained in the work of radio school 
pupils when there was transition to a rate of receiving which made it necessary to receive 
a signal and to record the previous signal at the same time. 
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then particular properties will be of the greatest significance in the study 
of particular abilities’’ [63: 102] (see also [61: 41, and 64: 75]). This hypo- 
thesis is, however, too restricted. Special (partial) properties are, of course, 
linked with the problem of special abilities as well as with that of tem- 
perament. That much is certain. There are, however, general abilities as 
well as special. Consequently also, general properties of the nervous system 
are significant in relation to general abilities as well as in the problem 
of temperament. Clear confirmation of this is afforded by the work of 
Leites just mentioned [33]. Although his paper is entitled “An attempt 
at the psychological definition of Temperaments’, the actual material 
contained in it indicates that there are manifestations of the basic pro- 
perties of the nervous system—strength, balance and mobility—and typical 
combinations thereof in the general capabilities for mental work. The 
three young people described in the paper, who were classified by the 
author as having a strong balanced and mobile type, a strong unbalarced 
type and a weak type of nervous system respectively, were from the psy- 
chological standpoint examples both of three temperaments and of three 
qualitatively different “types” of general mental capabilities (and possibly 
more the latter than the former). 

The typological properties of the nervous system enter into the composition 
of the natural basic elements in the development of capabilities which form 
part of the so-called “gifts”. They may probably even be the most impor- 
tant element in the structure of these natural prerequisites of capabilities. * 

Anan’ev has recently advanced theoretical considerations for a common 
natural basis in the development of character and abilities. In view of 
the importance of this opinion I take the liberty of citing a complete passage 
from Anan’ev’s paper. “‘The successful developments that have followed 
the typology of higher nervous activity created by Pavlov enables us to 
turn afresh on new grounds to the problem of the connexion between 
character and aptitudes. It is well known that Pavlov’s doctrine on types 
of higher nervous activity was applied by psychologists primarily for the 
investigation of character and temperament. The general types of nervous 
system came to be regarded as the substrate of temperament. 


* On this basis, however, it is impossible to identify capabilities, i.e. the mental 
properties of personality, which are the result of development and education, with typo- 
logical properties of the nervous system, which are only the natural basis for the develop- 
ment of capabilities. From this standpoint the following proposition which is given 
in editions 5 to 8 of my textbook of psychology for middle schools is erroneous: ““The 
basic properties of nervous processes are perfected in the process of learning, which 
means that the corresponding capabilities are developed”’ [59: Sth edition, 232]. 
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“The question arises whether the typology of higher nervous activity 
is the physiological basis for individual psychical properties generally, 
including also aptitudes. The experience accumulated from psychological 
investigations in the last five years makes it possible to answer this question 
in the affirmative (investigations of B. M. Teplov and his group). There 
are now a number of findings which point to a common natural basis 
for the development of character and aptitudes” [2: 94]. 

Acceptance of this theory, which we consider to be absolutely correct, 
presumes recognition of the multiple psychological significance of phys- 
iologically simple nervous system properties. Neglect of this latter con- 
sideration is one of the main reasons for the oversimplified, somewhat 
“vulgarized”’ approach in the application of Pavlov’s typology to man, 
which we criticized earlier. 


5 


In summing up, I would like to draw attention to some general features 
which characterize the main trends of our work. 

The path we are pursuing is not that of any purely empirical collection of 
individual psychological differences, a method merely descriptive or, what is 
worse, based on the quantitative analysis of texts. We would also wish to 
avoid subjectivism in the description and evaluation of these differences. 

We are striving to obtain such information about the individual diff- 
erences in people which will form some system. We are attempting to put 
forward hypotheses which can be verified experimentally. 

We have chosen the path from the physiology of higher nervous activity 
to psychology. We do not consider that this is the only possible path, 
but we are firmly convinced that it is one of the possible paths. 

The typological properties of the nervous system, which constitute 
the natural basis of individual psychological differences in the regions 
of both character (temperament) and capabilities, constitute the basic 
material of our research. Our first task (in the logical and not the chrono- 
logical sense) is to obtain as clear an understanding as possible, in their 
application to man, of the physiological content of these properties and 
to find an adequate number of exact experimental methods to make it 
possible to examine each of these properties. There can be no question, 
in our opinion, of a single universal method in this field. The correlation 
of various methods is the approach which we at present consider the most 
important. 

The task that is logically second is the examination of the psycho- 
logical manifestations of each property separately and of the combinations 
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of these properties that form the “‘types of nervous system’’. In practical 
work this second task should be carried out directly results of any signifi- 
cance have been obtained in the treatment of the first problem. Postpone- 
ment of this second problem till after the first had been completely settled 
would be absurd from the standpoint of the basic conception of the work. 

Our main line in the treatment of the second problem is from the simple 
to the complex although we can, by way of reconnaisance activities, make 
an attempt to apply the facts already ascertained by us (still very few) 
to the analysis of complex psychological features in the conditions of 
practical life. Our investigational method should ultimately lead to an 
understanding of the natural basis on which “psychological types’’ are built. 

We are fully aware of the limits of the field we are investigating. Yet 
we know that this is an important region both theoretically and practically. 
We are endeavouring to work in this restricted field by the strictest and 
most exact methods possible as we are firmly convinced that psychology 
as a whole can become and indeed is becoming a strict and exact science. 


Translated by DR. R. CRAWFORD 
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INDIVIDUAL DIFFERENCES IN THE STRENGTH 
AND SENSITIVITY OF BOTH VISUAL 
AND AUDITORY ANALYSERS * 


V. D. NEBYLITSYN 


Institute of Psychology, Academy of Paedagogical Sciences of the R.S.F.S.R., Moscow. 


THE problem of functional differences between analysers (or, in another 
rather narrower sense, this particular typological property) is among those 
problems which have had least work devoted to them, either on the phys- 
iological or the psychological side. Questions in both these sciences can 
probably not be satisfactorily solved without proper account being taken 
of this factor. In general form these questions may be formulated as the 
problem of the success of different ways of adjusting to environment, 
or as the problem of special abilities, types of ideas, and so on. In addition, 
there is the question of the interaction of the sense organs. 

The theoretical and practical importance of the problem of differences 
between analysers is beyond doubt. The attention accorded it by both 
physiologists and psychologists, however, is quite insufficient. 

Worthy of particular attention are the works of E. G. Vatsuro and 
his fellow-workers, who were concerned with the fact that different levels 
of the typological parameter of the mobility of perception may be present 
in different analysers of one and the same animal. Thus it was found [5] 
that in the chimpanzee nervous processes in the kinaesthetic analyser are 
much more mobile than in the visual, evidence of this being provided 
by the considerably greater speed of formation of a temporary connection 
in the kinaesthetic analyser as against one in the optic analyser. In an 
investigation carried out with dogs E. G. Vatsuro and M. S. Kolesnikov 
[5,8] reach the conclusion that there is a greater ability for processes 
taking place in the acoustic analyser of these animals than for those in 
the visual analyser. In an analogous investigation made with monkeys [6] 
a reverse relationship was shown: the lability of processes in the visual 
analyser in monkeys proved to be lower than that for the auditory analyser. 


* Voprosy psikhologii, No. 4, pp. 53-69, 1957. 
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On the basis of all these observations E. G. Vatsuro [7] formulated 
a thesis of “leading afferentation’’, to the effect that the different analysers 
play a varying role in the organisation of an animal’s behaviour, depending 
upon the perfecting of their functional properties. 

Differences between the analysers in respect of the mobility of the 
nervous processes is thus a well established fact in the case of certain 
animals. It should be noted, however, that these differences which are 
common to the whole species, represent peculiarities of the species as 
a whole. They are apparently determined in their phylogenesis by the 
nature of the role assumed by each analyser in the adaptation of the or- 
ganism to the environment. Despite this uniformity one must still suppose that 
individual deviations are possible, and that in man, because of the bound- 
less variety of his spheres of activity, such deviations become the norm. 
B. M. Teplov especially stresses this qualitative difference between man 
and the animals: “What in animals was the characteristic of a species 
became in man the characteristic of an individual. Herein lies one of the 
features peculiar to man. “‘Leading afferentation’”’ must come out especially 
sharply in those people whose main occupation favours the development 
of a comparative dominance of the first signalling system— musicians, 
painters, sportsmen, etc.” [23; 101]. 

The possibility of just such individual differences between the general- 
motor and speech-motor analysers is mentioned in a paper by P. G. Po- 
pescu-Nevianu [16]. The investigation was carried out with human beings 
and the results yielded by various methods were considered in terms of 
individual differences. So far as the question of partial differences on 
other typological parameters is concerned, the data in the literature are 
too insignificant for any definite conclusions to be drawn. 

Only in one paper by E. G. Vatsuro [7], was leading afferentation 
observed. In lower apes an imbalance in the direction of dominance of 
excititation in the acoustic analyser as compared to the visual was noted. 
E. G. Vatsuro and M. S. Kolesnikov [8] elsewhere comment, on diff- 
erences which they discovered in the working capacity of cortical elements 
of the optic and acoustic analyser (the latter having the advantage), and 
on a correspondingly different tolerance to caffeine in these ana- 
lysers. 

These data speak for the possibility of differences between analysers 
in the level of the strength of the cortical cells. 

While being extremely limited in quantity, the physiological material 
just adduced does nevertheless provide evidence of the possibility of varia- 
tion in typological parameters when different analysers are compared. 
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The different analyser systems of one and the same individual may possess 
different degrees of perfection of the same physiological properties. 

What data are there on the question of differences between analysers 
in studies made in the psychophysiology of the sensory organs. that is 
with the basic characteristics of the analyser as a mechanism for the reception 
of external effects, its sensitivity and excitability? 

There can be at least two approaches to the study of this problem 
of differences between the analysers in their sensitivity. One of these ap- 
proaches 1s as follows. 

It is known that the threshold sensitivity of any sensory system is not 
a strictly constant quantity. Being subjected to the action of a number 
of external and internal factors, it varies continually and for the most 
part without any definite rhythm, around some mean figure [12, 21, 30]. 
Is the direction and the quantity of these variations common to, and iden- 
tical for, all the analysers at any given moment, or is the character of the 
changes individual for each of the afferent systems? Does the nervous 
system here function as one single formation, or does each analyser rep- 
resent to some degree a separate system in this respect? The problem 
of the correlation in the fluctuations of thresholds was subjected to detailed 
study in a work by M. Wertheimer [30] which compared the results of 
change in auditory and visual sensitivity over the same periods of time. 
The author, while taking the stand that the changes in sensitivity ought 
to coincide, inasmuch as “the organism functions as a whole’’, finds an 
absence of any clear correlation between the fluctuations in the sensitivity 
of these two sensory organs. This conclusion finds confirmation in the 
data of other authors also to whom Wertheimer refers, e.g. Crozier’s 
work on the relationship between keenness of vision and absolute visual 
sensitivity or Goodfellow’s on the relationship of auditory and vibratory 
sensations; and Wertheimer and Ward on the relationship of pain and 
sound thresholds. 

The conclusion which may be drawn from all this is that the different 
analysers can, it would appear, function “‘separately” to some extent. 
They can have functional characteristics which are to a certain degree 
independent. What remains open is only the question of what gives rise 
to the fluctuations in the thresholds—variations in excitability of the 
periphery of the analyser, i.e. of its receptor section, or variations in 
excitability of its cortical terminal. Wertheimer, on the ground of this 
same fact of non-coincidence of changes in sensitivity in the different 
modalities, sees as the cause of these changes the processes taking place 
in the receptor. He considers that the cortex of the large hemispheres, 
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if not the entire organism, “‘acts as a whole’. We shall however adduce 
data below which in our view provide evidence of the possibility of qual- 
itative differentiation of reaction being proper to the cortical sections 
of the analysers also. 

Another possible approach to study of the problem of differences 
between analysers in sensitivity level finds its basis in the following con- 
siderations. 

It is known that the visual and auditory analysers, considering these 
two analysers only, have approximately identical threshold characteristics. 
Thus, on the deta of P. Rives [29], the threshold energy for a point of 
white light is 1-95 x 10-9 erg/sec, and on the data of N. I. Pinegin [15], 
for blue rays the threshold energy is 3-22 x 10-9 erg/sec. Very much the 
same figures are characteristic of the threshold excitability of the auditory 
analyser: for a frequency of 1000 c/s the amount of the threshold is ex- 
pressed by a figure of 2:45 10-9 erg/sec. These figures, however, are 
only averages, which do not take into account the individual variations 
in one or the other direction which are present in actuality. And these 
individual differences in the thresholds of excitability of any analyser are 
exceedingly wide. Within the limits of normality the excitability of an 
analyser can be scores of times greater or less in different people. Thus 
according to S. J. Vavilov [4] the absolute sensitivity of the visual analyser 
varies for different persons between two and some tens of quanta. This 
is confirmed in the experiments of N. I. Pinegin [15], who with 8 subjects 
obtained limits of variation from 3-05 x 10 -19 erg/sec to 6-71 x 10 ~° erg/sec, 
the upper figure thus being approximately 22 times greater than the lower 
limit. On the data of B. Ye. Sheivekhman and others [27, 28]—data ob- 
tained by examination of 2000 persons—the extent of individual variations 
on a frequency of 1000 c/s is about 30 db, the upper figure here being about 
30 times greater than the lower. 

The question naturally arises: if great individual differences in thres- 
holds are a fact, do they then march parallel for the various analysers, 
or can they, like the variously directed fluctuations of absolute thresholds, 
move in opposite directions ? Here we have the very question of differences 
in sensitivity between analysers of these differences we are attempting to 
elucidate. 

Unfortunately, we found no clear answer to this question in the liter- 
ature. There are only isolated remarks by some authors which would 
seem to admit the possibility of variations in the level of the basic analyser 
function. At the same time, the solution of the problem does not in fact 
call for complicated facilities for registering the amounts of thresholds 
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in objective physical units. It is sufficient to obtain from a certain number 
of subjects a series of values—even though these may be quite relative — 
for the sensitivity of one analyser, and another series for another analyser, 
and then to calculate the coefficient of correlation even if this is only 
a rank correlation between the two series. The sign and amount of the 
coefficient will show the degree of uniformity between the functional 
indices of the two analysers. 

This work has been done by us, and we shall consider its results below. 

To sum up all that has been said on the question of differences between 
analysers in the amount of absolute thresholds, it may be noted that: 
although the mean group figures for sensitivity of hearing and rod vision 
in general coincide, there are considerable individual differences in this 
respect. There are grounds for thinking that these differences may take 
different directions and consequently create the possibility of individual 
differences between analysers. We have not, however, got experimental 
data on this question at our disposal. 

There is one more aspect of the problem of differences between ana- 
lysers—the psychological aspect—which does not require detailed analysis 
inasmuch as the relevant facts are sufficiently well known. We have in 
mind the existence, constantly remarked on in works on psychology, of 
individual peculiarities of memory, in particular the memory types— 
visual, aural, motor, and mixed which in many ways determine peculiar- 
ities in memorising— we have also some differences in the character of ideas 
(their type, structure, stability etc.); peculiarities of creative imagination, 
and so on; in a word, much of what in practice is described, with some 
justification, by the word “abilities”. The problem of “special gifts’ too, 
understood as meaning primarily the question of innate peculiarities in 
the structure and functioning of the nervous system, clearly stands in 
direct relationship to the problem of differences between analysers, or at 
least between different functional systems of the cortex. “If general typo- 
logical properties” writes B. M. Teplov, “‘determine a man’s temperament, 
then particular properties are of the greatest importance in the study of 
special abilities” [23, 102]. All these and many other psychological pheno- 
mena still remain enigmatic so far as what conditions them physiologically. 
All the more important and interesting, then, appears the task of approach- 
ing, even if in an exploratory and crude way, the study of their possible 
physiological foundations. 

The present paper gives an exposition of materials obtained in the 
course of an experimental check of the hypothesis advanced by B. M. 
Teplov on the mutual connection of sensitivity and strength of the nervous 
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system [23, 13]. As soon as the presence of a two-way dependence between 
these two relative constants of the nervous system was established in work 
with stimuli affecting the visual analyser, an analogous work was started 
on the study of this relationship in the auditory analyser. Here we encoun- 
tered facts which cannot be assessed other than as evidence of the possi- 
bility of a “‘divorce’’ between analysers in respect of their basic functional 
characteristics. 


TECHNIQUE USED IN THE INVESTIGATION 
Determination of Sensitivity 


Visual sensitivity was measured by us by means of an adaptometer 
working on S. V. Kravkov’s system, after dark adaption for 45 min. At 
the signal “Attention!” the subject fixed his eyes (binocular vision) on 
a shining red point and noted the appearance and disappearance of a round 
white patch lying 10 deg to the right of the fixation point. Measurements 
were made at two minute intervals and continued for 20-40 min, depending 
upon the speed with which the subject attained uniformity and stability 
or recorded reaction. 

The experiments for determination of aural sensitivity were made with 
the help of a ZG-10 sound generator in a room relatively insulated from 
external noise. Sound at a frequency of 1000 c/s was transmitted (bina- 
urally) through the headphones of a flying helmet worn by the subject. 
By smoothly turning the alternating resistance handle the tension at the 
output end of the generator was regulated and this regulated the level 
of sound pressure in the auditory canal. The subject noted the moments 
of appearance and disappearance of the sound, and the mean between 
these values was taken as the figure for sensitivity. 

25 persons, mainly students, took part in the experiments for deter- 
mination of sensitivity and in those now to be described for the determina- 
tion of the strength of the cortical cells. 


DETERMINATION OF STRENGTH OF CORTICAL CELLS 


In order to judge the strength of the cortical cells of an analyser we 
used three main experimental techniques. 

The first of these is as follows. 

By means of an adaptometer system slightly different from that usually 
used (a white light point stimulus, the “test point’, being below the fixation 
point) a preliminary measurement was made of the light sensitivity of 
binocular peripheric vision. In the course of the succeeding 3-4 experiments 
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measurement of thresholds was made in the presence of an additional 
stimulus —a further point of white light lying below the second, at an 
angular distance from it of 45°. The minimum brightness of this third 
point was 0-6 of the threshold brightness, and its maximum _ brightness 
160 times that of the threshold. The presence of this point even as a subli- 
minal stimulus, led, owing to the rules governing induction which have 
been demonstrated by B. M. Teplov [22], to a change in sensitivity in 
relation to the “‘test point’’. The change in the thresholds dependent upon 
the intensity of the additional point stimulus is recorded in Figs. 1-3 (Ja) 
as a continuous curve. 

In the course of the succeeding three experiments the subjects were 
given caffeine in doses of 0-05 g, 0-1 g and 0:3 g, administered in solution 
15 min before the beginning of the measurements. The effect of the caffeine 
is a function of the dose administered and of the degree of weakness of the 
nervous system. General cortical excitation evoked by the caffeine is sum- 
mated with excitation from the third (or “‘further’’) stimulus point, this 
latter acting as an “induction stimulus’. Variations in this summated 
excitation lead to variations in change in sensitivity to the second (or 
““test’”’) point. The curves of change in the thresholds thus obtained are 
indicated in Figs. 1-3 (1a). The variations in the form of these ‘“‘caffeine 
curves” are here the main index of the strength of the cortical cells. 

In some subjects the form of the curve under the influence of caffeine 
does not change; we can therefore postulate an absence of influence of 
caffeine upon the cortex, and therefore assume a high degree of strength 
of the cortical cells. In this case all four curves (the original one and three 
“‘caffeine’’ curves) approximately coincide (Fig. 2a). 

In other subjects caffeine even in small doses (0:05 g) evokes a diminu- 
tion in the irradiation effect and a heightening of the concentration effect 
of the stimulation process, apparently by reason of the summation of 
excitations. This is expressed in a lowering of sensitivity to the test point 
owing to increased negative induction. The curve, dotted in the figure, 
shifts downwards. 

The effect of a medium dose (0:1 g) proves even more considerable 
in the case of these subjects. Following such a dose, strong secondary 
stimuli evoke not negative induction but irradiation of the excitation 
process. Apparently under the influence of this dose the summated ex- 
citation at the focus of the additional stimulus (in the case of this being 
of great intensity) becomes too strong and therefore irradiates. This is ex- 
pressed on the graphs in a characteristic upward bend of the appropriate 
curve to the zero line or even above it (Fig. 1a). 
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A particularly striking effect is produced with subjects of this group 
when they are given the maximum dose (0:3 g) of caffeine, which appears 
to evoke so great a tension of the stimulation process in the cortex that 
the foci of excitation from all additional stimuli even subliminal ones, 
combining with it, become too strong and lead to irradiation alone and 
consequently to a heightening of sensitivity. For this reason the curve 
for this experiment is flattened out in a singular manner and lies completely 
above zero (Fig. la). 

The subjects in whose case the form of the curve exhibits these character- 
istic changes under the influence of caffeine, are said to have weak cells 
in the visual sector of the cortex of the large hemispheres. 

The results of the caffeine test are thus a basic index of strength when 
this technique is employed. 

Besides the influence of caffeine, an index of strength can here be pro- 
vided by the original curve, whose form varies with different subjects. 
With persons possessing strong cells in the visual analyser very little irra- 
diation action of weak secondary stimuli—or even none at all—is ob- 
served. On the other hand negative induction from strong stimuli is very 
marked in these cases; almost the whole, or sometimes the whole, curve 
lies below the zero ordinate (Fig. 2a). In the case of persons having weak 
cells of the visual sector there is marked irradiation from weak secondary 
stimuli, whereas the action of negative induction is not very marked and 
is Only present when the secondary stimuli are sufficiently strong. The 
curve of the experiment, or that part of it which expresses the action of 
weak additional stimuli, is usually above the abscissa* in the case of 
these subjects (see Fig. 1). 

“Extinction with reinforcement’’—the second of the techniques em- 
ployed by us—was also elaborated by V. I. Rozhdestvenskaya in relation 
to the photochemical reflex in man [20]. By means of combining a sound 
stimulus (pure tone) and a reinforcement (general illumination of both 
eyes, evoking a lowering of sensitivity by 40-80 per cent) a conditioned 
reflex is elaborated in the subject, the reflex being shown in the fact that 
application of the sound stimulus alone will of itself evoke a lowering 
of sensitivity (by 20-40 per cent). After the reflex is stabilized there follows 
a test for “‘extinction with reinforcement’’. The conditioned reflex is tested, 
then ten combinations of the conditional and unconditional stimuli are 
given with a two-minute interval between them. The length of the interval 


* This technique for determining the strength of the cortical cells of the visual 
analyser was first described in detail by V. I. Rozhdestvenskaya (19). 
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FIG. 1. Results of investigation of strength of cortical cells of one of the subjects 
showing differences in strength between the auditory and visual analysers: 
I—visual analyser; If —auditory analyser: 

(a) Results of testing by “induction” technique. Abscissae—intensity of secondary 
stimulus in threshold units; ordinates—relation of sensitivity when secondary stimulus 
present to sensitivity when the latter absent... ~——_— original curve; ........ dose 
0-05 g; ——— dose 0-1 g; —.—.—.—. dose 0:3 g; 

(6) Results of testing by “extinguishing with reinforcement’ technique. Ordinates — 
amount of conditioned reflex as a percentage; left column—after extinguishing; 
shaded columns —results of experiment using caffeine; 

(c) Influence of caffeine on absolute thresholds. Abscissae—time in min; ordinates — 
change in sensitivity as a percentage of the background. 
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In ordinary experiments 1s 4-6 min. After restoration of sensitivity to the 
background level, or if this is not arrived at, after some stable figure is 
reached, the conditioned reflex is again tested. The fall-off in the condi- 
tioned reflex effect as compared with the amount of the conditioned re- 
action as measured before the start of the extinguishing process, serves 
as an index of the weakness of the cortical cells, and preservation or even 
heightening of the reflex as an index of a greater or lesser degree of their 
strength. 

In additional experiments the subjects were given caffeine in 0:2 g 
doses. This helped to bring out even more sharply the differences in the 
strength of the cells. 

The results of comparing data obtained by this method with data 
from other techniques gave grounds for believing that the variant of the 
technique in which a conditional sound stimulus is used gives a character- 
istic of the strength of the auditory analyser, which we shall deal with 
in detail later. For this reason we altered this technique for the purpose of 
determining the strength of the cortical cells of the visual analyser, using 
as a conditional stimulus not sound, but a light stimulus, of red light 
(which does not disadapt the rods of the retina)*. Otherwise the method 
remained exactly as described above. 

A third method of testing the strength of the cortical cells, one which 
had yielded satisfactory results in a preceding work [13], is very simple; 
it consists simply of registration of changes in absolute sensitivity of the 
analyser under the influence of varying doses of caffeine. 

The experiments using this technique were organised as follows. After 
one or two training experiments for determination and stabilisation of 
thresholds, experiments were begun in which the subjects were given caffeine 
in the same doses as in the experiments using the first, “‘induction’’, technique 
{0:05 g, 0-1 g, 0:3 g). In each of these experiments, after determination 
of “background” sensitivity, the subject was given the appropriate dose 
of caffeine. After a 20-minute interval the experiment was continued for 
30-50 minutes. The figures characterising sensitivity after taking caffeine 
were then compared with the original background figures. 

In the first stages of the work the index of strength under this method 
was provided by the individual variations in the amounts of changes in 
absolute sensitivity after ingestion of caffeine. In subjects with strong 
analyser cells sensitivity changes by not more than 30—40 per cent, and 

* The possibility of elaborating a conditioned photochemical reflex to a visual 


‘Stimulus was first demonstrated by I. V. Ravich-Shcherbo (17), and later used in the 
work of E. A. Golubeva (9). 
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often does not change at all, whereas in subjects with weak cells sensitivity 
may increase by 200-300 per cent above the background level. Subse- 
quently it transpired that one may take as an index of weakness of the 
cells not only the amount of the changes in the absolute thresholds, but 
their direction also, whether an increase of sensitivity, or a decrease. 

The latter is frequently observed in subjects with weak analyser cells, 
and never in the case of subjects “strong” in the visual analyser. It also 
appeared that in the auditory analyser no cases of considerable increase 
in sensitivity under the influence of caffeine were observed. Instead of 
this, persons “‘weak’’ in the auditory analyser react to caffeine most often 
by a lowering of auditory sensitivity, whereas subjects “‘strong’’ in the 
auditory analyser show a reaction consisting of a slight heightening in 
sensitivity of the order of 40 per cent. This is similar to the case of those 
“strong” in the visual analyser. 

Thus the index of strength under this technique is provided by the 
individual variations in the value and direction of changes in sensitivity 
under the influence of varying doses of caffeine. 

We have described three methods of investigating the strength of the 
cortical cells; they all refer to different aspects of the activity of the sensory 
sectors of the cortex. In each case what is being tested is some specific 
quality of the work of the cortical cells. Nevertheless all three techniques 
have at least one feature in common. When they are applied, the cells 
receiving an impulse are working under exceptional conditions—conditions 
of overloading or overstrain. It is owing to this common feature in the 
methods described that comparison of their results shows, with isolated 
exceptions, a coincidence of results when these refer to one and the same 
analyser. This, we believe, is evidence of their comparability of value 
for the purpose for which they were used. 


RESULTS OF THE INVESTIGATIONS 


The study of differences in strength and sensitivity between analysers 
was not the original object of our work. We were obliged to concern our- 
selves with it only when, having established experimentally the existence 
of a two-way dependence between sensitivity and strength in the visual 
analyser, we proceeded to study the working out of this interconnection 
in the field of auditory function. The first fact to emerge here was the com- 
plete lack of coincidence between the rankings of the subjects for visuai 
sensitivity and for auditory acuity. This means that low thresholds of rod 
vision may be associated with high auditory thresholds, and high auditory 
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sensitivity with low absolute sensitivity of the eye. This is the case. Calcula- 
tion shows that the Spearman rank correlation coefficient for 25 subjects 
is no higher than 0-263. We see that there is a practical absence of corre- 
lation between the ranks of indices of sensitivity of the two analysers, 
as will be confirmed by a glance at Table 1. 

But if we take as established the thesis of the existence of differences 
between analysers in level of sensitivity, we must, in accordance with our 
basic hypothesis, also admit the possibility of corresponding differences 
between analysers in their degree of strength, i.e. admit the existence 
of strength as a partial typological property, characterising the functional 
stability or working capacity, not of the cortex of the large hemispheres 
as a whole, but of separate regions of it, in the given case—of separate 
analysers. 


TABLE |. Comparison of ranks on visual and auditory sensitivity 
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The possibility of differences in degree of strength between analysers 
in the individual has, so far as we know, not been experimentally demon- 
strated elsewhere. We believe that our work has provided facts which 
definitely indicate such a possibility. 

True, in the majority of cases it 1s possible to state a coincidence of 
the characteristics for the visual and auditory analysers. Of 25 subjects, 
such a coincidence was found in 18 cases, that is 72 per cent. But against 
this background of identical numerical data stand out three cases of quite 
unambiguous difference between the strength characteristics, and four 
further cases in which it would appear possible to speak of partial diff- 
erences in manifestation of strength. Let us consider in more detail the 
three cases of most clearly defined differences. 

Subject K.V. Occupies second place for visual sensitivity. All three 
methods of determining strength of the visual analyser clearly showed the 
weakness of the cortical cells of this region (see Fig. 1). Investigation by 
the inductional influences technique yielded curves characteristic for weak 
subjects i.e. concentration of excitation at the focus of the supplementary 
stimulus and marked changes in concentration under the influence of all 
the three doses of caffeine. Extinction with reinforcement in the visual 
analyser led to a fall-off of the reflex and to its complete disappearance 
in the experiment using caffeine. The direct influence of caffeine (dose 
0-3 g) on the visual thresholds was expressed in a lowering of sensitivity 
to start with, followed by a heightening of it by 270 per cent. At the same 
time, this subject occupies 24th place for auditory acuity. The test for 
extinction in the auditory analyser leads to an increase in the reflex. The 
influence of caffeine on auditory sensitivity is 8 per cent for the small 
dose, zero for the medium dose, and 35 per cent for the maximum dose. 
These last data would appear to be evidence of the strength of the cortical 
cells of the given region. 

Subject R.Z. In absolute visual sensitivity, shares 20-21st place (5-6 
in the conventional units). The test on the induction technique yielded 
curves characteristic of strong subjects, i.e. great concentration of ex- 
citation at the focus of supplementary stimulus and absence of influence 
of caffeine upon this. Extinguishing with reinforcement hardly changes 
the amount of the reflex. The influence of caffeine upon the visual thresh- 
olds is expressed by the Figures 0, 0, and 24 per cent, ina downward direc- 
tion (see Fig.2). In auditory acuity R. Z. occupies a place in the upper 
half of the list—the 10th, (twice as high as K. V). The extinction test 
leads to a lowering of the reflex, particularly in the experiment where 
caffeine is used—a sign of weakness of the nerve cells; the direct action 
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of caffeine on auditory sensitivity is 18-40 and 40 per cent in a downwards 
direction, which is also very typical for subjects with weak cells. 

For subject R. Z., then, the partial variance runs in an opposite direction 
to that for subject K. V.; the latter has a strong auditory and a weak visual 
analyser, and R. Z., on the other hand, a weak auditory and strong visual 
analyser. 

Subject Ch. I. is distinguished by a low light sensitivity 19th place, 
which does not change under the influence of caffeine. The test on the 
inductional technique gave results typical for subjects having strong cells 


Suyject RZ 





~30-% 


(b) 





VR a Coff.0-3 
at ee eee (c) Ofe- eee ee ee (c) 
-50 wd ‘ 
20 30 40 50 “80°30 30 40 50. 


| I 
FIG. 2. Key as for Fig. 1 (page 60). 


in the visual analyser. The photochemical conditioned reflex to light had 
not been elaborated in this subject after 40 combinations, and the test 
for extinction could therefore not be made. So far as the auditory analyser 
is concerned, here Ch. I. possesses very high sensitivity 1st place. The 
test for the extinction of a conditioned reflex elaborated to sound led to 
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a deep fall-off of tre reflex, so that the conditioned stimulus evoked, in- 
stead of a decrease. an increase of sensitivity. Auditory sensitivity changes 
under the influence of caffeine in a manner characteristic for weak cells, 
i.e. a lowering by 20-30 per cent when large doses are given (see Fig. 3). 
All these data speak of the weakness of the auditory sector of the cortex 
and of the strength of the visual sector. The strength characteristic for 
subject Ch.I. is thus analogous to that for R. Z. 
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The experimental material adduced, we feel, is sufficiently convincing 
evidence of the possibility of partial typological characteristics for strength 
with reference to different analysers. Such cases are not rare, perhaps 
amounting to one-quarter of our material if all 7 cases are counted. We 
may conclude from this that individuals do exist about whom the term 
“strength of the nervous system’? should be used only with an indication 
of what analysers it characterises. 

Our experiments also revealed an absence of any significant correlation 
between the thresholds of the visual and auditory analysers. From this 
we drew the conclusion that there are also differences between analysers 
in level of absolute sensitivity. 
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It is important to note that both these functional indices—strength 
and sensitivity—are united by an inner mutual connection. In particular, 
in the three cases of most sharply defined variations between analysers 
in level of strength there are similarly sharp variations in level of sensitivity. 
It follows that the two-way relationship previously established as existing 
between sensitivity and strength holds good even for those persons con- 
cerning whom one ought not to speak of “the strength of the nervous 
system’’ as a whole, but only to compare the level of strength of the cortical 
cells of the different analysers. 

This means that we now can and should speak of differences between 
analysers on the strength sensitivity parameter, thus linking the sensi- 
tivity and the strength of the nerve cells into one typological property. 

As will be obvious from the text of this paper, our main method for 
revealing differences between analysers in level of strength was the use 
of caffeine. The facts bear witness that the influence of this chemical stim- 
ulant upon the activity of the various analysers of one and the same person 
may be of varying character. Caffeine can prove, as has been described 
above, an indifferent agent in relation to one analyser, and can cause 
a marked increase or decrease of sensitivity in another analyser, i.e. it 
can cause reactions of opposite type in neighbouring sectors of the cortex, 
right up to the moment of protective inhibition (which is clearly the basis 
for the decrease in sensitivity) occurring alongside a zero effect. 

The question may arise: inasmuch as the experiments using the effect 
of caffeine on absolute sensitivity of the two analysers were for technical 
reasons made separately, are not the differences recorded in the reactions 
of the analysers to be considered as differences in the functional state 
of the subject? In order to obtain an answer to this question, special ex- 
periments were made with the three “chief” subjects (K. V., R. Z. and 
Ch. I.), and in these measurement of auditory and visual sensitivity was 
made in the course of the same period of time, one being measured alter- 
nately with the other, at 1-2 min intervals. The results of these control 
experiments, as may be seen from Fig. 4, accord with those obtained earlier: 
it was possible to observe a “‘strong’”’ reaction of one analyser and a simul- 
taneous “‘weak” reaction of the other, the same direction being maintained 
in the partial differences in strength as had been noted in the preceding 
experiments. 

For a first approach to an explanation of this phenomenon one may 
adduce the facts, well known in pharmacology, of the selective action 
of some substances upon different sectors of the nervous system. V. V. 
Zakusov writes “Although the action of any chemical substance upon 
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protoplasm is in principle uniform, it is manifested differently in each 
separate case, depending upon the sensitivity to it of the protoplasm of 
different cells’? [10; 46]. It is probable that the cortex of the large hemi- 
spheres may in some cases consist of cells with varying sensitivity to and 
resistance to the action of chemical stimulants. It might be thought that 
it is just such cases which we have encountered in this work. 
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FIG. 4. Influence of caffeine (0-1) on auditory and visual sensitivity in experiments 


with simultaneous measurement of thresholds. Abscissae—time in min; ordinates — 
changes in sensitivity as a percentage of background. 


It would appear that the same differences in sensitivity and resistance 
of cells governs the effect of the action of the physiological conditioned- 
reflex-stimulus in “extinction with reinforcement’’— an effect which so 
strikingly coincides with the effect of the action of caffeine. The intimate 
nature of these differences, however, and consequently the causes of var- 
iance between analysers on the strength-sensitivity parameter, remains 
unclear. 

Let us now turn to a question which is directly linked with the problem 
of differences between analysers. Strength data have been obtained by the 
extinction with reinforcement of a photo-chemical related to stimulation 
of different sensory systems. What is the cortical structure to which this 
data relate? Do they characterise the strength of the cortical cells of the 
analyser to which the reinforcement —the light stimulus—is addressed, or 
do they perhaps characterise it for that analyser which receives the energy 
of the conditioned-reflex signal? 

The role of the unconditional stimulus in typological characterization 
has been taken into account in some works, and has even been specially 
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studied (25; 1]. On the basis of this A. G. Ivanov-Smolenskii [11] formu- 
lated the thesis of the partial type in dependence upon the kind of reinfor- 
cement. 

The role of the different cortical regions, however, and in particular 
that of the analysers, in individual-typological characterisation, has hardly 
been studied at all. The data available in the literature permit one to think 
that the individual differences between animals in this respect are insig- 
nificant [2]. In man, however, as has been noted previously, it would 
seem that one should presuppose great possibilities for such differences. 
In the opinion of B. M. Teplov, it is in just this sense that one must under- 
stand the variations which are shown when types of nervous system are ana- 
lysed by different techniques: “This fact is not indicative of shortcomings in 
the techniques, not in the least, but is of much deeper significance”’ (24, 292]. 
And indeed, in those cases where the results of “‘extinction with reinfor- 
cement” (conditioned reflex to pure tone) do not coincide with the results 
of the “induction” technique, it is natural to suppose that the absence 
of agreement between the techniques may be put down to the differences 
in strength between the analysers. This is likely inasmuch as the condi- 
tioned reflex was elaborated to a sound stimulus, while the induction 
relationships were studied using light stimuli. The facts described above 
concerning the differentiated reaction of the analysers to caffeine also 
speak in favour of this reading of the difference between the data. 

In order to check this supposition, and to provide a counter-check 
on the data concerning the direct action of caffeine on absolute sensitivity, 
either one had to create for the auditory analyser a technique analogous 
to the “visual’’ induction technique, or invent a variant of “extinguishing 
with reinforcement” which would be deliberately addressed to the cells 
of the visual analyser only. We chose the second of these alternatives, 
seeing that it was simpler to achieve. By elaborating a conditioned photo- 
chemical reflex to red light (instead of to sound) and then carrying out 
extinction with reinforcement, we obtained a technique which referred 
entirely to the sphere of the visual analyser because both the conditioned 
and the unconditioned stimuli were light signals. 

It was interesting to compare the results of the application of these 
two variants of the technique, and to look at both sets in conjuction with 
the results of the tests using other techniques. 

This comparison showed that among the subjects in whom we suc- 
ceeded in elaborating both conditioned reflexes—to sound and to red 
light—we find the three people in whose case attempts to cause extinction 
in the two analysers had produced opposite effects. These are the two 


70 V. D. NEBYLITSYN 


subjects described above, M.A. and R. Z., as having on the “extinction” 
data, strong cells in the visual analyser and weak ones in the auditory, 
and subject K. V., whose strength characteristic is the other way round. 
Comparison with the indices obtained by the other techniques shows 
that these variations coincide with similar ones brought out by the other 
methods of revealing strength, especially in the cases of K. V. and R. Z. 
Since the two variants of the “‘extinction with reinforcement” technique 
are distinguished from one another by one feature only, that is the modality 
of the conditional stimulus, we came to the conclusion that the differences 
observed in the effect of the extinction with reinforcement depend upon 
just this varying feature. Consequently, extinguishing with reinforcement 
gives the characteristic of strength (functional stability) of that analyser 
which is the receptor of the energy of the conditional signal. Its cells are 
forced to withstand a “‘frontal attack” in the form of the continued repeti- 
tion of different combinations with a very short interval in between. 
This conclusion finds an indirect confirmation in some works devoted 
to the study of excitation and inhibition and in certain remarks made 
by I. P. Pavlov. For instance, Pavlov in his “Lectures on the work of the 
large hemispheres”’ says that ” the cortical cell under the influence of condi- 
tioned stimuli inevitably passes sooner or later, very quickly if they (stimuli) 
are repeated frequently, into a state of inhibition” [14; 263] (authors 
italics). Again, “‘If one relates the effect of the beats of a metronome to 
the state of the cortical cell, one must in consequence conclude that the 
latter, given frequent stimulation, exhausting itself functionally and not 
having the time to restore itself, passes into a state of complete inhibi- 
tion...” [14; 261]. I. P. Pavlov, then, connects the processes of inhibition 
in the cortical cell with the application of a conditioned stimulus. In the 
text quoted, what is under discussion is not only extinguishing inhibition 
itself, but that form of inhibition which was later given the name “‘pro- 
tective inhibition’: “The cell passes into a state of inhibition under rein- 
forcement also. The development in it of an inhibitory state without rein- 
forcement is a particular case of a more general relation” [ibid., 246]. 
Some experimental investigations made in recent times also provide 
indirect evidence in favour of our hypothesis. Z. A. Barsukova, [3] for 
example, considers that protective inhibition under the action of a strong 
tone arises in the analyser cells of the cortex and then spreads to the cortical 
representation of the corresponding unconditional reflex. The consequence 
of this is a falling-off of the reflex effect. In a paper by I. I. Chinka [26] 
a fall-off of unconditional reflex is again noted (actually a considerable 
heightening of the threshold of motor reaction to electrical stimulation) 
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when a sound conditioned-reflex stimulus is stepped up in such a way 
as to give rise to protective inhibition in the cortex of the large hemi- 
spheres. 

But if extinguishing with reinforcement is an index of the strength 
of the analyser to whose cells the conditioned signal is addressed, what 
then is the role of the unconditional stimulus or reinforcement? 

One may suppose that the unconditional stimulus, by virtue of the 
connection established between its focus and the focus of the conditioned 
signal, is a kind of “purveyor” of energy to the focus of conditioned stimula- 
tion. This is a source of supply for it which creates a specific conditioned- 
reflex excitation as distinct from, say, the excitation evoked by the action 
of an ordinary indifferent stimulus. This is why extinction with reinfor- 
cement can characterise the strength of the cortical cells. The extinguishing 
of a reflex without reinforcement is not an index of strength, just as the 
simple application of an indifferent stimulus, one which has not yet become 
the signal of a temporary connection, is not an index of strength. The 
continued repetition of combinations of signals and responses with a mini- 
mal interval between them leads to the accumulation of excitation in the 
cells of the conditioned signal. This is as it were “borrowed” from the 
focus of the unconditional reflex, and leads to the development—in weak 
cells—of protective inhibition, such as we do not observe, naturally, upon 
repetition of an indifferent stimulus or upon isolated application of a con- 
ditioned—reflex signal. 

Such, in our opinion, is the role of the unconditional stimulus in ex- 
tinction with reinforcement, and the mechanism of this method of testing 
the strength of the cortical cells. 


CONCLUSIONS 


1. In the investigation a coincidence was found between the strength 
characteristics of the visual and auditory analysers in the majority of 
subjects. 

2. At the same time the possibility was demonstrated of the existence 
of differences in individuals, on the strength-sensitivity parameter, between 
the visual and auditory analysers. 

3. It may be supposed that extinction with reinforcement provides 
a measure of the strength characteristic of the cortical cells of the analyser 
which is the receiver of the energy of the conditioned signal. 


Translated by RUTH KISCH 
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FEATURES OF THE AFFERENT APPARATUS 
OF THE CONDITIONED REFLEX AND THEIR 
IMPORTANCE FOR PSYCHOLOGY * 


P. K. ANOKHIN 


Department of Physiology of Moscow University (An address to the Conference 
on Psychology, 1-6 July 1955) 
IT is a well-known fact that the Pavlov school manifested an unfailing 
interest in psychological problems, particularly when these problems bor- 
dered on, and were significant in, relation to the physiology of higher 
nervous activity. 

Throughout the entire developmental period of the conditioned reflex 
doctrine, Pavlov delivered many addresses to congresses of psychologists 
in which he pointed out how great a part the new branch of physiology 
which he had developed played in the materialistic understanding and 
interpretation of complex phenomena in the psychical life of man. Nat- 
urally, he laid particular emphasis on the importance of the conditioned 
reflex, of which he was the discoverer, for a physiological understanding 
of the association theory in psychology. His undelivered address to the 
International Psychological Congress at Madrid in 1936 would have dealt 
with this specific subject. 

The doctrine of higher nervous activity, supplemented by the theory 
of interaction between the first and second signal systems, has enabled 
us to penetrate more and more deeply into the complex processes of the 
higher nervous activity which is specific to man—higher nervous activity 
as manifested through speech and thought. Yet, the more and more minu- 
tely the higher nervous activity physiologist analyses the phenomena of 
man’s psychical activity, the more he becomes convinced that the concep- 
tion of the conditioned reflex, as a universal physiological conception, 
must be enriched and amplified even further by new facts, bringing it 
into even closer relationship with purely psychological conceptions. For 
his part, the psychologist, with all the achievements of modern brain 
physiology and particularly those in the field of higher nervous activity 
at his disposal, must re-examine his basic conceptions in the light of these 
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achievements. In other words, true succes in the building of a material- 
istic psychology can only be attained if the physiologist and the psychologist 
direct their research in accordance with common, jointly formulated aims. 

We are still a long way from such organized and combined work on 
the fundamental conceptions in psychology. There is, however, one form 
of combined effort of which we can avail ourselves with advantage for 
the solving of this problem, important in the methodological aspect, namely 
joint meetings and congresses of psychologists and physiologists. 

Even though this is but the first stage in the solution of the problems 
which trouble the physiologist and psychologist yet, as the case of Pavlov’s 
own addresses to similar congresses has shown, it undoubtedly leads to 
positive results. [t is as a result of these addresses that, today, the main 
problems in physiology and psychology are so clearly outlined, and that 
the doctrine of higher nervous activity has become the basis for the devel- 
opment of a materialistic psychology. 

Having accepted the honour of delivering a scientific address to the 
Conference of Psychologists, I asked myself which of the many important 
problems concerning both physiologist and psychologist should, as likely 
to justify this aim of close linkage between physiology and psychology, 
be the subject of my communication. 


THE DECISIVE ROLE OF THE AFFERENT SYSTEMS 
IN NERVOUS ACTIVITY 


The experience of myself and my fellow-workers in the study of the 
behavioural acts of animals, extending over many years, has convinced 
me that a suitable subject for this purpose is the universal and decisive 
role of the afferent function of the organism in the formation of its higher 
adaptations, up to and including mental acts. 

In actual fact, it is almost impossible to find any adaptational act 
of animal or man in which afferent impulses caused by stimuli in the out- 
side world do not play a prominent part. Becoming linked in a great variety 
of combinations, afferent impulses effect constant control over what the 
central nervous system should do at a given moment and what pattern 
of operative excitations should be built up in relation to a given external 
situation to ensure that the animal becomes adapted to it in an advan- 
tageous way. 

This general role of afferent function was clearly formulated by Pavlov 
on many occasions, as far back as 1911, when he expounded his views 
on the alimentary centre. 
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Even then there was clear indication of his view on the decisive role 
of the afferent part of the central nervous system, and subsequently, through- 
out the entire period of his productive activity, he frequently returned 
to this idea. He wrote in 1911: “I am of the opinion that main centre 
of gravity of nervous activity lies specifically in the receiving part of the 
central station; the basis for the advance of the central nervous system, 
which is effected by the cerebrum, by the cerebral hemispheres, lies in 
this part; here is situated the main organ for that very perfect equilibration 
with the external world which typifies the higher animal organism. As for 
the centrifugal part, it is simply executive [1]’’. 

Subsequently, he held to this view invariably and analysed all factual 
material on higher nervous activity in accordance therewith. One can 
therefore omit his numerous pronouncements on this subject. His last 
formulation of the conception must, however, be quoted as it expresses 
the ultimate profundity and extension of this idea and as it serves us as 
a starting point for further discoveries in this field. 

Analysing the individual problems of higher nervous activity, Pavlov 
said: 

“If we were to divide the entire central nervous system simply into 
two halves—an afferent and an efferent half, then it seems to me that 
the cerebral cortex would represent the isolated afferent part. The higher 
analysis and synthesis of incoming stimulations are effected exclusively 
in this division, and from this division already prepared combinations of 
stimulations and inhibitions (author’s italics) are directed to the efferent 
division. In other words, only the afferent part is the “‘active’ creative 
division, and the efferent part is merely the “passive” executive division”’ (2). 

Somewhat later, Pavlov made the still more definite pronouncement 
that afferent inpulses constituted an “‘essential condition” for the 
regulating influence of the central nervous system on the peripheral 
organs. 

We see, therefore, that the afferent part of the nervous system, that 
is, the occurrence of constant afferent impulses from the periphery, occu- 
pied the central place in Pavlov’s conception of the integrated activity 
of the organism. An interesting point is that comparative anatomical 
investigations on the numbers of nerve fibres in the posterior and anterior 
roots have shown that sensory fibres are three to five times more numerous 
than motor fibres. This fact affords one more proof of the universal impor- 
tance of afferent fibre function. 

Recognition of the universal importance of the afferent division of the 
central nervous system gives rise, however, to several problems. 
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The first thing that strikes one is the obvious disagreement between 
this conception and the reflex theory of Descartes. What role did, in fact, 
Descartes assign to the afferent division of the central nervous system? 
The generally accepted schema of the reflex arc makes it clear that the 
afferent impulses always plays the part merely of an initiating impulse, 
an “‘inciter’. This stimulus may be more or less complex but, in the actual 
concept of the “reflex arc’’, it is invariably merely the initial impetus for 
the development of some reflex effect. Thus, in Descartes’ conception, 
only an afferent stimulus is necessary for the development of a reflex effect, 
which always serves to adapt the organism purposefully to the surrounding 
conditions and, according to Descartes, the role of the afferent system 
in the formation of adaptational acts of animals and man is, in essence, 
limited to this. | 

This is obviously very different from Pavlov’s pronouncements quoted 
above, whereby the afferent system was assigned a decisive role in the 
creation of “combinations of excitations and inhibitions”’. | 

What is the essential nature of this difference? It is, first of all, that 
the original reflex schema suggested by Descartes (‘the reflex arc’’) has 
proved clearly inadequate for explanation of all the varied factual material 
derived from investigations on the adaptational behaviour of the intact 
animal, particularly in the Pavlov school. 

By being the first to introduce the conception of the external stimulus, 
as a factor determining the adaptation of the animal to the external world, 
Descartes made a great contribution to the advance of materialistic con- 
ceptions on man. In place of all kinds of “‘spontaneous”’ and “primordial” 
causes, he gave primary importance to the material effect of exiernal 
agents on the nervous system of animals and man. In this way he estab- 
lished a deterministic relationship between the behaviour of animals and 
changes in the environment. 

It was this aspect of Descartes’ reflex theory that Pavlov adopted, 
considering it “‘scientific’, in that it answered in all respects to 
the requirements of the law of causality in the life of animal 
organisms. 

Yet, having established the importance of the initial external stimulus 
for the reflex responses of the animal, Descartes said nothing whatever 
on the question of why the response was purposeful. Why should the 
stimulus lead to the excitation of just those combinations of central nerve 
elements which infallibly manifest themselves at the periphery in work- 
performing efforts of one particular form and no other? Descartes never 
discussed these questions, nor did be consider how the organism corrected 
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the mistake in the event of a reflex response not giving the adaptational 
effect at once. 

Dualist in his outlook, Descartes relegated the question of the purpose- 
fulness of the reflex response to the sphere of “higher reason” and thereby 
determined for many years the entire course of research on the complex 
adaptational acts of animal and man. 

It is no exaggeration to say that, although intensive and detailed anal- 
ysis of processes constituting “reflex arcs’’ was going on throughout the 
pre-Pavlov period in the development of nervous system physiology, no 
attempt was ever made to give a physiological interpretation of the purpose- 
fulness of the reflex response. By introducing the factor of reinforcement 
into the process of acquiring new reflex acts—conditioned reflexes, Pavlov 
produced a radical change in the entire course of research on the complex 
adaptational acts of the animal. 

This fact also affords an explanation of the apparent contradiction 
which arises in connection with Pavlov’s high evaluation of afferent im- 
pulses as playing a decisive part in the formation of complex behavioural 
acts. 

The considerable number of investigations which have been carried 
out by my fellow-workers over a period of twenty-five years has convinced 
us that the explanation of this apparent contradiction must be sought, 
not in the initial part of the “reflex arc’’—in connection with its exciting 
stimulus, but at the other end of the reflex, in relation to the reflex effect 
itself. It was to this that all that Pavlov said about the decisive role of 
the afferent part of the central nervous system referred, and it is here 
that the complex adjustment of the reflex effect to the interests of the 
organism as a whole takes place—something which, in its essential nature, 
also merits the epithet “‘creative’’. 

The reflex theory of Descartes assumes that the reflex response of the 
organism is purposeful from the very beginning, and its adaptation to 
the particular environmental conditions is taken to be a matter of course. 

In consequence, the entire attention of the physiologist was for many 
years directed to “finished”’ reflex acts, built up earlier. But the incon- 
gruity of the old conceptions of the entire complex of the adaptational 
behaviour of the animal became very obvious the moment a study was 
made of the actual process of formation of elaboration of new reflex re- 
sponses. These invariably required the encouragement of the reflex by the 
method of reinforcement which, as we know, is the very essence of the 
conditioned reflex. In exactly the same way, the inadequacy of the ‘“‘clas- 
sical” reflex theory again became particularly obvious in the experiments 
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in which the animal had, by way of compensation for disturbed functions, 
to create, under the eyes of the experimenter, completely new reflex acts, 
adapting itself adequately to the new conditions affecting its life. This 
will be the subject of discussion in the next part. 


THEORY OF RETURN AFFERENTATION 


Since 1930 our laboratory has been continuously engaged in research 
on compensation mechanisms for disturbed functions in the organism. 
In addition to its enormous theoretical importance, this absorbing problem 
will also enable us to understand all the adaptations taking place in the 
sick animal which constitute a “‘physiological measure’ against disease 
and bring its functional features into line with the new conditions. With 
these points in mind, we have made wide investigations on the compen- 
satory adaptations that arise when the animal’s motor functions are dis- 
turbed as a result of special operations of various types, and particularly 
as a result of cross-anastomosis of nerve trunks [3]. 

We know that disturbances of motor activity finally become compen- 
sated after a series of stages in which the animal resorts to various meas- 
ures which replace the lost function and enable it to attain the appropriate 
adaptational effect. If the disturbance is not too extensive, the function 
is restored in more or less perfect form. The whole process of restoration 
usually involves an enormous variety of attempts to rectify the defect, 
these attempts involving all groups of the animal’s muscles. 

We have shown by direct experiments that the process of compensation 
advances more slowly when the extremity, the function of which had 
been disturbed by cross-anastomosis of nerves, was subjected to prior 
deafferentation, or when the corresponding cortical zone was removed 
after the establishment of compensation [4]. This decisive role of afferent 
impulses from the periphery in the compensation process was seen with 
particular clarity in an experiment of E. A. Asratyan in which he removed 
the cerebral cortex completely. The compensation process was then quite 
impossible or extremely limited [5]. 

I do not intend to discuss the entire problem of function compensation 
here; it would mean too great a digression. The important point for me 
now is to point out that it was the work on this problem that first brought 
to our attention the inadequacy of any explanation of the process of com- 
pensation based solely on the Descartes schema of the “reflex arc’’. This 
work demanded from us the formulation of an additional link in the reflex, 
in the form of continuously operating return afferentation. 
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In order to render the pattern of our research on the actual mechanisms 
which led gradually to the compensation of disturbed functions more 
penetrating, we postulated three questions, without answers to which it 
would be impossible to discover the intimate mechanisms concerned in 
compensatory adaptations. These were: 

(1) Can the central nervous system begin a compensatory process 
without signalisation from the periphery on the existence of a defect of 
function, and if so, through what actual afferent impulses is this signal- 
ization effected ? 

(2) Inasmuch as all the animal’s attempts to compensate the defect 
are directed to compensation for that specific defect, what are the actual 
physiological mechanisms which determine the direction of the entire 
chain of compensatory adaptations specifically to compensation of the 
defect ? 

(3) On the basis of what information does the central nervous system 
determine the end of adaptational reactions, that is, that the disturbed 
functions have been restored; through what mechanisms does it stop 
further attempts at restoration and consolidate the newly laid down system 
of central relationships? 

A careful analysis of these three questions will suffice to show that 
there cannot be a complete theory for the compensation of functions without 
reasonably satisfactory answers thereto. Once we have the answers to these 
questions we shall be in a position to construct a deterministically con- 
nected chain of physiological processes, directed to compensation, from 
the moment the defect is produced until the moment of function restoration. 

For more detailed information on the work on these three questions 
on models of disturbed functions I refer the reader to our latest publica- 
tion on this subject (6). 

For the present I shall confine myself to the general patterns that 
emerged inevitably from our investigations of many years on this subject. 

First and foremost, it must be stated that no reflex activity which 
developed in response to signalisation on a loss of function could lead 
to any positive effect without immediate return afferentation indicating 
the adequacy or inadequacy of the completed reflex activity. 

There could be no restoration of the disturbed functions without this 
return signalization of the degree of success of the first reflex responses 
to the central nervous system. 

I should like first of all to discuss the term “‘return afferentation”’ 
itself, which has been suggested by us to explain the continuous correction 
of the compensation process from the periphery. The term implies that 
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afferent signalisation which develops as a result of reflex activity is directed 
specifically to that particular complex of processes in the central nervous 
system which determined the given activity at the periphery. This is, in 
the true sense of the word, “‘return”’ afferentation, in that it is directed 
in the opposite direction to the earlier effector exictation, and it proceeds 
to the initial station for the dispatch of this excitation. This relationship 
can be depicted diagrammatically in the following form (Fig. 1). 







ae Return | 
afferentation 


NO 
\ 


Stimulus Reaction 


FiG. t. 


A natural question at this point is how widespread are these relationship 
in the normal reflex activity of animals and man. 

By way of example, I would first of all draw attention to the signifi- 
cance of the fact of reinforcement in the elaboration of conditioned re- 
flexes with different biological import. It is quite obvious that, in intro- 
ducing the actual conception of reinforcement, Pavlov appreciated the 
return direction of the afferent impulses that developed from the action 
of the unconditioned stimulus on various combinations of receptor forma- 
tions. 

In actual fact, as the very meaning of the term would indicate, it is 
only possible to “reinforce” something that is already occurring, some- 
thing that exists and is the addressee of the reinforcement itself. As we 
shall see later, this prior formation is the conditioned excitation in the 
cortex or, more accurately, the excitation in the cortical representation 
of the unconditioned centre, caused by the conditioned stimulus. 

Thus, both the elaboration and the subsequent existence of the condi- 
tioned reflex are only conceivable in the presence of its constant reinforce- 
ment by the unconditioned reflex or when there is continual return 
afferentation. The reinforcement of the conditioned reflex is known to be 
the biological factor which determines the purposefulness of the organism’s 
adaptation to the given external conditions. The reinforcement is the factor 
which corrects this adaptation and, consequently, it is as much an inalien- 
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able part of the conditioned reflex as any return afferentation in the case 
of successive compensatory adaptations is an inalienable part of the reflex 
activity performed. 

From this standpoint, 1t would be correct to say that, by introducing 
the factor of reinforcement into the process for the elaboration of new 
reflex responses in the organism, Pavlov was reflecting the universal pattern 
in the life of all organisms which directs any reflex activity under any 
conditions in the natural existence of the animals. This pattern we have 
termed return afferentation and have ascribed to it a correcting and rein- 
forcing action. It is difficult at the present time to conceive of any reflex 
act in the intact animal which would be terminated simply by the effector 
link in the “‘reflex arc’’, in accordance with the traditional Descartes schema. 

Let us assume, however, that such a reflex act does exist or that its 
existence is pointed out to us. According to the conception of reflex activity, 
this act must either give or fail to give a successful adaptational effect. 
In the former case the given reflex action ends and the animal should 
proceed to its next behavioural link, while in the latter case the animal 
undertakes a series of new attempts to achieve the positive effect not at- 
tained by the first action. 

It will be asked: how can the animal’s nervous system detect the diff- 
erence between these two possible effects of the reflex action? 

It might be answered that it is not necessary for the animal to detect 
this difference. But such animals would very soon be doomed to extinction. 
It can hardly be doubted, therefore, that in relation to every reflex act 
the animal immediately receives return signalisation of whether the action 
achieved an adaptational effect or not. It is only under these conditions, 
that is, when there is constant return afferentation accompanying every 
reflex act like an echo, that the natural behavioural acts of the intact animal 
can develop, come to an end and be followed by other acts, together con- 
stituting an organised chain of purposeful adaptations to surrounding 
conditions*. 

Several points requiring more detailed consideration arise in connection 
with the above representations on the need for return afferentation. 

First of all the composition of return afferent signalisation has to be 
determined. Initially we did not attempt tc determine the detailed composi- 
tion of return afferentation but limited ourselves to the more general 
demonstration that it arose from the organs in action. As so general a state- 


* Here as elsewhere the conception “purposefulness”’ is used by us in its broad 
biological sense, as understood by Pavlov. 
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ment may fail to give investigators an altogether correctly oriented con- 
ception on this important matter, I shall now take the liberty of formu- 
lating the question in greater detail. 

By its. very meaning, return afferentation must reflect very completely 
the degree of success attending the given reflex action and, consequently, 
its composition must depend directly on the complexity of the particular 
action and on the receptor surfaces by which the result of the action can 
be determined. All our acts usually have very varied afferentation. Figur- 
atively speaking, each reflex act gives the central nervous system a whole 
volley of afferentations varying in strength, in localisation, in time of 
development and rapidity of spread through the central nervous system. 
In other words, we have an afferent integral, peculiar to each individual 
case, which reflects the adaptational effect of the reflex action concerned, 
down to the finest detail. 

For example, the act of picking up a fork or knife is completed at 
once by a complex of tactile, thermal, visual and kinaesthetic afferent 
stimuli signalising the end and the success of the particular reflex action. 

It should, however, be remembered that, with a great number of diff- 
erent return afferentations in relation to any reflex action, some of them 
are eliminated and the main afferentation—those afferent impulses which 
acquire decisive indicator significance—comes into prominence. Should the 
main afferentation be eliminated, other receptor surfaces, the afferent 
impulses from which had not previously had a decisive role, come into 
action. 

In more complex acts (e.g. entry into a room) the return afferentation 
signalling the correctness of the particular act may include many afferent 
impulses such as visual ones from the room and its contents as well as 
thermal, olfactory and kinaesthetic afferentations. 

The question of how widely the term “reinforcement”? can be applied 
to reflex acts of various kinds also arises in connection with the assessment 
of the composition of return afferentations. Essentially, all our actions 
are of a continuous or chain character. Each link in the chain, having 
ended with the return afferentation peculiar to it, is followed by the next 
link. 

A correct sequence of the links can, however, only be guaranteed 
if each link receives, in the form of “‘reinforcement’’, return afferentation 
which is adequate for that link. 

Consequently, the concept of “reinforcement” can with complete jus- 
tification be applied to any fractional stage in adaptation which has received 
appropriate return afferentation. 
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The final stage in all compensatory adaptations or in any long series 
of reflex acts is the attainment of the main adaptational effect. Like all 
the other stages of adaptation, the final stage also has its return afferenta- 
tion, but this is distinguished by several special features. It does not stim- 
ulate the nervous system to the continued formation of new reflex actions, 
but quite the contrary; it checks further attempts at the organisation of new 
reflex acts and reinforces the last combination of excitations in the brain 
centres which gave the successful adaptational effect at the periphery. 

This last return afferentation we have termed sanctioning afferentation, 
as it actually “‘sanctions” the last formed system of relationships in the 
nerve centres [3]. 

Returning, then, to all that has been stated earlier in this section of 
the paper, we can conclude that the afferent phenomena which come 
into play at the end of the reflex action are so varied and so important 
for the development of the animal’s purposeful adaptation and more 
particularly for the compensation of functional defects that they rightly 
merit separation into the special category of return afferentations. 

Return afferentations, as universal phenomena in animal behaviour, 
constitute a property of the intact animal, a phenomenon of its natural 
behaviour. Naturally, they cannot occur or lead to any adaptational effect 
when there is mutilation. This must be the explanation for the paradoxical 
fact that the continuous correcting effect of return afferentations has 
never once been mentioned, despite the fact that the history of the develop- 
ment of Descartes’ reflex theory extends to three hundred years. The 
vivisection which has yielded rich analytical results meant the deliberate 
removal of any possibility of discovering return afferentations and con- 
sequently also of the possibility of describing the complete architecture 
of the nervous processes in the adaptational act. 

At the same time, since our elucidation of the various forms of return 
afferentation, it has now become perfectly clear that the generally accepted 
conception of the chain reflex, as at present constituted, is inadequate 
and requires serious change. 

According to existing conceptions, a chain reflex is, in fact, one in 
which “‘the end of one action serves as the start for another’. We have 
seen, however, that the end of an action can never serve as the start for 
another action. The end of the action in one link is the source of return 
afferentation which is directed to the centres of the reflex that has just 
developed, and only thereafter, and depending on what consequences this 
return afferentation will have in the nerve centres, does the next stage in 
the chain reflex begin to develop (Fig. 2). 
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Figure 2 gives comparative schemas for the chain reflex according 
to the usual conceptions (A) and a chain of return afferentations as seen 
by us in relation to an extension of Descartes’ reflex schema (B). As soon 
as one assumes that inaccuracy of the reflex act might occur in any link 
during the development of a chain reflex in accordance with old concep- 
tions, it becomes perfectly clear that this schema cannot be applied to 
the actual conditions of the animal’s life. No correction of this inaccuracy 
would be possible. 





Fic. 2. Comparison of a chain reflex with a chain of return afferentations. 


Development of the theory of return afferentation must inevitably 
raise the question of the relationship of return afferentation to the “‘clas- 
sical’ reflex arc, the extent to which it amplifies the latter and the possibility 
of return afferentation being a fourth link in the reflex. The fact is that 
return afferentation can be made one of the links in the reflex arc_on as 
good grounds as the links already known. As we see it, it 1s absolutely 
essential for the realization of purposeful adaptation and, indeed, it cor- 
rects imperfection in the activity of the three first links, while it is just 
as constant a feature of every reflex action as its other links and has quite 
a definite physiological and structural content. In view of all these points, 
I cannot see any serious objection to the theory that return afferentation 
constitutes an additional or fourth link in the reflex. Transformation of 
the Descartes schema of the reflex in this way removes a long list of contra- 
dictions which have accumulated in the past and, at the same time, it 
opens up great possibilities for the investigation and explanation of com- 
plex forms of behaviour in animals and man in the natural conditions 
of their existence. 

Here, it will not be superfluous to mention that foreign thought in 
recent years has come very close to the conceptions just described, often 
using very similar expressions. 
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It will suffice to draw attention to the statements of Adrian who, in 
one of his last public lectures (in memory of Jackson), made an attempt 
to understand the plastic adaptation of the animal to surrounding condi- 
tions. In his survey of recent achievements in the field of brain physiology 
he dwelt on the indecision of animals when faced with complex forms 
of adaptation. In a cautious approach to the subject he wrote: “‘A pur- 
posive movement certainly appears to be guided by its effects” [7]. 

Individual investigators made conjectures in this direction at the Inter- 
national Congress on the “Principles of the Complex Organization of the 
Nervous System” [8]. Wagner also came close to these questions in his 
monograph, “‘Problems and Examples of Biological Regulation’’, in which 
he developed the “Servotheorie’” and attempted to explain the nature 
of adaptational behaviour by means of the theory [9]. Cybernetics, which 
employs conceptions of “return connections”’ for control of the correctness 
and purposefulness of the work both of machines and of the human or- 
ganisms comes particularly close to this problem. All these statements 
appeared many years after our original publications on this problem and, 
while they expressed general conjectures, they were very far from revealing 
the physiological mechanisms. Nevertheless, these circumstances afford 
yet another confirmation of the need for further development of the above 
conceptions which have been produced and developed in Soviet labora- 
tories. 

So far I have not touched on the second of the questions we raised 
earlier, namely, how the attempts to find adaptational acts for the com- 
pensation of disturbed functions are directed. This question is very closely 
connected with the further development of our conceptions of the physio- 
logical basis for the purposeful nature of reflex acts and will therefore 
be the subject of special analysis in the next section of this paper. 


THEORY OF THE ACCEPTOR OF EFFECT 


Even in the earliest stages in the development of sanctioning afferenta- 
tion as the final form of return afferentation we conceived of certain as- 
pects of the problem which led us gradually to the discovery of a special 
central afferent apparatus, of the existence of which we had previously 
no conception. 

The fact that a whole series of return afferentations inevitably accom- 
panies the entire series of compensatory adaptations up to and including 
the restoration of function must inevitably raise the question of why the 
central nervous system stops the whole series of compensatory adaptations 
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and the organism is held at its last attempt at compensation. Or, more 
graphically expressed, how and from what signs does the organism decide 
that this last—the sanctioning—afferentation is actually of such a nature 
that it corresponds to the essential demands of its adaptation to the ex- 
ternal world? 

As this problem is one of extreme importance for an understanding 
of the features of the afferent apparatus of reflex activity discovered by us, 
I shall take the liberty of discussing it in greater detail. Let us represent 
the complexes of return afferentations accompanying a series of successive 
adaptations by corresponding symbols. Let the first inadequate afferenta- 
tion be (a+b+k), the second (a+k+1), the third (a+k+r) and, finally, 
the sanctioning afferentation (atk +m-+t). Holding to deterministic phys- 
iological conceptions, we must ask ourselves by what means, at the dis- 
posal of the central nervous system, does it determine the differences 
between the separate links in this chain of return afferentations or, in 
other words, how does the animal “recognize that the last afferent complex 
(atk+mt+t) constitutes information of a finally restored effect or generally 
of the adequacy of the adaptational effect. \f we adhere strictly to deter- 
ministic attitudes, then actually the entire material contained at present 
in our neurophysiological arsenal cannot give us the answer to this ques- 
tion. Indeed, all return afferentations, including sanctioning afferentation 
are, for the animal’s central nervous system, merely complexes of afferent 
impulses and there are no obvious reasons, from the usual point of view. 
why one complex should stimulate the central nervous system to further 
mobilization of reflex adaptational acts while another arrests the adapta- 
tional actions. 

Let us assume that we intend to pick up a glass standing on the table 
among a large number of vessels. In stretching out our hand we carelessly 
grasp the handle of a jug. As we all know from experience, the mistake 
is immediately corrected. The jug is left where it is and the hand finds 
the glass we require. 

What is the physiological basis on which we noticed the mistake and 
corrected it? 

The shape of the jug and the contact of the hand with it, like the shape 
of the glass and contact of the hand, merely constitute aggregates of return 
afferent impulses, differing only in some of their components. Why then 
should we have selected the last return afferentation as the final one, as 
the sanctioning afferentation? 

Our lives are filled with similar events, evident in our every step, in 
every act in our much varied behaviour. 
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This last example makes it clear that only that return afferentation 
which corresponds to the intention giving rise to the reflex act itself arrests 
further reflex actions or, expressed physiologically, the return afferenta- 
tion must correspond to some kind of stored complex of excitations which 
developed before the actual reflex act took shape. 

As a result of such arguments we came inevitably to the conclusion 
that this stored complex of excitations, which preceded reflex activity, 
must be something in the nature of an afferent “‘control’’ apparatus, which 
determined how far a particular return afferentation reaching the central 
nervous system corresponded to the complex. 

We gave particular attention to the development of this problem on 
the model of an alimentary conditioned reflex and its return afferenta- 
tion—the reinforcement. by food. 

It had long been noted that the conditioned excitation developing in 
the cerebral cortex in response to the use of this particular conditioned 
stimulus was not of a type which, in its quality, would be the same for 
any conditioned signals. On the contrary, the aggregate of external be- 
havioural signs indicated that the nature of this conditioned excitation 
was directly dependent on the nature of the reinforcing factor. A very 
illuminating example of this relationship was afforded by the biological 
quality of the conditioned reactions in response to conditioned stimuli 
reinforced by food and by electric current. 

This relationship is also seen in demonstrative form within the limits 
of the same unconditioned reinforcement. It was demonstrated long ago 
in Pavlov’s laboratory that the chemical composition of conditioned 
reflex saliva was in close correspondence with the quality of the food rein- 
forcement and, consequently, with its salivogenic effect [10]. 

It is from this accurate coincidence of the quality of the unconditioned 
and conditioned excitation that the “substitution”, “anticipation” and 
other theories sprang, but these are merely verbal designations for this 
well-known phenomenon and do not bring us even one step nearer to 
the discovery of its physiological nature [11]. 

The question still remained unanswered as before. What were the 
actual physiological mechanisms whereby the conditioned effector excita- 
tion, in the form of secretion and general alimentary excitation, arising 
in response to the given conditioned stimulus corresponded more or less 
closely to the effector excitations which could be expected to develop 
later also from the reinforcing factor itself? Framed in even more specific 
terms, the question can be put in this form: does the conditioned excita- 
tion caused by the conditioned stimulus in the corresponding analyser 
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travel directly to the effector paths of the unconditioned stimulus or does 
it reproduce all over again its afferent part which we know is concentrated 
in the cortical representation of the unconditioned reflex? [12]. 

This second question can be illustrated by the following simple schema 


(Fig. 3). 





Fic. 3. 


It will be seen from the diagram that, if we assume that the condi- 
tioned stimulation spreads directly from the region of the corresponding 
analyser to the centre for the unconditioned reflex, we are thereby returning 
to Pavlov’s very first proposition on the closure mechanism for the arc 
of the conditioned reflex (Fig. 3, 1). It is well known that his many subse- 
quent experimental findings inclined Pavlov to recognition of the cortical 
localization of both links closing the conditioned connection. It was ac- 
cepted that the latter became established between cells in the corresponding 
analyser and cells in the cortical representation of the unconditioned 
stimulus. This position was completely consistent with all factual material 
both from Pavlov’s own laboratory and from those of his pupils, and is, 
therefore, now generally accepted. But it follows from this position that 
the conditioned excitation in the corresponding analyser can spread to 
the unconditioned alimentary centre only through its cortical representation 
(Fig. 3, IT, b). 

Notwithstanding that this hypothesis satisfied our conceptions on the 
physiological architecture of the conditioned reflex completely and is now 
current opinion, no special attention has hitherto been given to the physio- 
logical consequences which inevitably follow acceptance of that view. 

Indeed, what is the exact physiological nature of this “cortical repre- 
sentation of the unconditioned centre’’? It follows from the very meaning 
of unconditioned reinforcement, as afferent stimulation, that this ‘‘repre- 
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sentation” must be afferent in character, and this is wholly in agreement 
with Pavlov’s view on the cortex as an “isolated afferent part” of the 
central nervous system (v. supra). 

Oscillographic experiments by our fellow-worker, I. I. Laptev, have 
shown that the unconditioned stimulus itself causes a fairly complex 
afferent discharge. 

Tactile, thermal and chemical receptors in the tongue were stimulated 
in a definite order. The specific streams of impulses travelled at different 
speeds to the various parts of the cortex. 

It became clear from this that the cortical representation of the uncon- 
ditioned stimulus was in no way a definite “‘focus” or “point” in the cer- 
ebral cortex but a system of afferent cells integrated into a single complete 
unit [13]. 

Correlation of all these findings then led us inevitably to the following 
position, which is of great importance for us: each conditioned excitation 
is directed through the corresponding analyser to the system of afferent 
connections in the cortical representation of the unconditioned centre, which 
has been excited many times in the past by the unconditioned stimulus, and 
which will again be stimulated by the same unconditioned stimulus several 
seconds after the arrival in it of the given conditioned excitation. In other 
words, whenever the conditioned stimulus is tested, the group or system 
of cortical cells, reproducing through the action of the conditioned stimulus 
the appetizing qualities of the unconditioned stimulus becomes excited 
several seconds before the fresh unconditioned excitation reaches it (‘‘rein- 
forcement’’). 

Let us look for a moment at the peculiar relationship established be- 
tween the nerve excitations in the cortical apparatus of the conditioned 
reaction at the point in time when, as a result of unconditioned reinfor- 
cement, streams of various, but always specific, afferent excitations (return 
afferentation) also arrive there. It must be remembered here that the quality 
of these excitations is in direct relationship to the particular stimulating 
effect of the given reinforcing agent on the visual, olfactory and taste 
receptors. 

This sequence in the development of cortical processes during the 
fifteen seconds of action of the conditioned stimulus alone can be depicted 
in phases, as is shown in Figure 4. 

Let us assume that, in the case of the particular experimental animal 
concerned, all conditioned stimuli delivered in the course of a year had 
been reinforced with 20 g rusk powder. Passing along all sensory paths, 
this stimulation excites certain afferent cells B in the cerebral cortex (tactile, 
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thermal, chemical). The system of interconnections between these cells 
will thereafter constitute the afferent cortical representation of the uncon- 
ditioned centre. 





Conditioned 
reinforcements 


FIG. 4. Three successive stages in the development 
of a conditioned reaction. 





As a result of prolonged training of the conditioned reflex, relationships 
are created in the cerebral cortex or, more accurately, in the cortical re- 
presentation of the unconditioned centre, whereby, with each new applica- 
tion of the conditioned stimulus, that additional afferent upparatus which 
reproduces accurately the qualitative features of the food reinforcement 
constantly employed is brought into a state of excitation simultaneously 
with the effector apparatuses of the conditioned reaction (secretion, move- 
ment, respiration etc.). As also in the case of compensation, this cortical 
afferent apparatus of the conditioned excitation is of the nature of a “‘con- 
trol apparatus’’, which manifests its effect several seconds after the commen- 
cement of the conditioned stimulus, that is, when the action of the alimentary 
unconditioned stimulus has already started. 

When return afferent impulses from the unconditioned stimulus reach 
the cortex, the animal’s behaviour will only be usual and stable if the 
unconditioned excitation is in its visual, olfactory and taste qualities in 
exact correspondence with the already prepared afferent excitation which 
was brought into activity by the conditioned stimulus several seconds 
before reinforcement. The final relationships in the afferent apparatus 
are in the form depicted in Figure 4 (third phase). 

We suggest that this schema is a fundamental one and will explain 
any form of elaborated adaptational behaviour satisfactorily. 
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The schema shows that the return afferentation arising from the effect 
of the unconditioned stimulus must correspond accurately to the sup- 
plementary complex of afferent excitations, which forms part of the con- 
ditioned excitation. If there is complete correspondence between these 
two excitations, the behaviour of the animal remains normal, which means 
that the animal’s alimentary excitation has been “‘satisfied’’, and is in 
complete accord with the earlier elaborated signal relationships between 
the conditioned stimulus and the reinforcement. From this standpoint, 
the supplementary afferent apparatus of the conditioned reflex must be 
regarded as the apparatus producing the final assessment of the adequacy 
or inadequacy of the particular reinforcement or of the adaptational effect, 
which followed the signal stimulus. 

We first had thought of the existence of such a physiological apparatus 
in the cerebral cortex (of “sanctioning afferentation’) some twenty-five 
years ago [3, 14], but special experiments were necessary before one 
could be sure of the actual physiological properties of this apparatus. 
We therefore undertook a series of experiments to that end. 

In the setting up of these experiments we reasoned in the following 
way. If the already prepared conditioned excitation of the afferent cells 
in the cortical representation of the unconditioned centre does reflect 
accurately the properties of the future return unconditioned excitation 
and if the normal elaborated behaviour of the animal is based on the 
adequacy of this relationship, then the behaviour must inevitably change 
if something quite different is substituted for the unconditioned stimulus. 
In consequence of such substitution, the now outdated conditioned ex- 
citation in the supplementary afferent apparatus would be of one quality 
(on the basis of previous reinforcements) and the unconditioned stimulus 
would suddenly be of a different quality and, consequently, the return 
afferentation from the latter, reaching the cerebral cortex, would not 
correspond in the composition of its nervous impulses with the conditioned 
excitation stored there. What will the actual behaviour of the animal 
be under these circumstances? 

This plan was methodically carried out in our laboratory [15], on 
the basis of bilateral reinforcement and we were able to discover these 
features of higher nervous activity. 

The experiment took the following form. In all, two secretory-motor 
conditioned reflexes were elaborated in an animal—to the tone “la” with 
reinforcement on the right side and to the tone “fa” with reinforcement 
on the left side of the stand. Both reflexes were reinforced with 20 g rusk 
and were consolidated reasonably well. After a short latent period the 
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animal jumped to the appropriate side of the stand and stood there until 
the unconditioned stimulus was delivered. The animal made no wrong 
motor reactions at the stage of the experiments described. 

At the start of an experimental day dried meat was placed on the plate 
on the left side and so, after being accustomed to rusk reinforcement, 
the animal was bound to receive meat reinforcement to one of the regular 
applications of the tone “fa”. From our analysis (above) of the features 
of the afferent apparatus of conditioned excitation, we had to assume 
that, at some moment, the new unconditioned stimuli, no longer coinciding 
in their visual, olfactory and taste qualities with the already aroused condi- 
tioned excitation, would lead first to inconsistency between the two ex- 
citations and then to the development of an orientation-investigatory 
reaction. The greater the discordancy between the stored conditioned 
afferent excitations and the actual afferent excitations from the new uncon- 
ditioned stimulus, the more pronounced the orientation-investigatory re- 
action should be. 

Indeed, when a change of this nature was made in the unconditioned 
stimulus there was generally an orientation-investigatory reaction which, 
depending on the strength of the stimulating effect from the suddenly 
changed unconditioned stimulus, passed into either an active alimentary 
reaction (on substitution of meat for bread) or arrest of the alimentary 
reaction and even refusal of food (transfer from meat to bread). 

The experiment described made it possible for us to observe both 
forms of reaction, the second very clearly, and this we shall describe here 
in more detail, in view of its importance. 

When the animal unexpectedly received meat there was a brief orientation- 
investigatory reaction and then it ate the meat avidly, its usual stereotypic 
behaviour being sharply changed under these experimental conditions. 

First of all, it did not leave the food-box and return to the middle 
of the stand as usual, but continued to sit near the food-box, from which 
it had just received the unexpected meat reinforcement. For several days 
subsequently the animal’s behaviour had a quite definite physiological 
content. Having arrived in the experimental room and having leapt on 
to the stand, it turned immediately to the food-box on the left side—thar 
from which it had on one occasion received meat. Here it displayed an ac- 
centuated investigatory reaction, persistently sniffing at the food-box. 

The subsequent behaviour of the animal made it possible to under- 
stand the physiological content of this behaviour fairly completely. 

As soon as the conditioned stimulus was delivered, irrespective of the 
side of the stand with which this stimulus was conditionally associated, the 
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animal immediately jumped to the left-hand food-box and stood there 
until food was delivered. This reaction developed in relation to both the 
tone “fa” (left side) and the tone “‘la’’ (right side). There was accentuated 
dominance of the whole system of excitations which determined the animal’s 
reaction to the left and which was intensified by the meat reinforcement. 
The eating of the meat created clear dominance of the whole “‘left reaction’’. 
The fact that this persistent dominant was created from one exceptional 
feeding with meat is of very great importance for an understanding of 
the exact relationship between the conditioned and unconditioned reflexes, 
but what interests us at the moment is not this, but another feature. 

We have already stated that during this period in the work the animal 
ran to the Jeft side and stood there until food was delivered when the “la” 
tone (for the right side) was used. As soon as the bowl with the usual 
rusks was delivered, the animal turned away and refused to eat. 

Subsequently, the dog’s initially increased alimentary excitation declined, 
and the conditioned secretion was reduced and at times disappeared com- 
pletely. The dog meanwhile lapsed into a clearly neurotic state. 

Let us try to imagine the entire aggregate of the physiological rela- 
tionships through which such a reaction could develop. 

The very fact of a motor reaction to the left, the “‘meat’’ side, occurring 
twenty days after a single reinforcement with meat indicates that one 
exceptional reinforcement with meat created a dominant state in a certain 
system of relationships which lasted twenty days. This circumstance alone 
would be sufficient to enable us to draw conclusions as to the nature 
of the acceptor of effect prepared with the particular conditioned excita- 
tion: in its afferent properties it should correspond exactly with the stim- 
ulation of the animal’s analysers by the meat rolls. Direct confirmation 
of this view was afforded by the animal’s refusal to eat bread rolls. Thus, 
the occurrence of a motor reaction with clear dominance to the “meat 
side” and the subsequent refusal to eat the bread rolls all indicates that 
the lack of correspondence between the supplementary afferent complex 
of the conditioned excitation and the return afferentation from the true 
unconditioned reinforcement was an important factor determining the 
animal’s behaviour and state. 

In effect, all forms of elaborated conditioned reflex acts are accom- 
plished with obligatory interaction between the afferent apparatus of the 
conditioned reflex and the return excitations from the reinforcing agents. 
If this encounter reveals the adequacy of the two excitations for each 
other, the behavioural act of the animal is sanctioned, is reinforced. If 
the return excitation is inadequate for the excitations of this afferent ap- 
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paratus, there is immediate development of an orientation-investigatory 
reaction which, by mobilizing the afferent function of the cerebral cortex 
to a maximum extent (the inclusion and intensification of excitations 
in all analysers), leads to the organization of new complexes of afferent 
excitations. As a result thereof there is continuous application of increa- 
singly perfected pcripheral efforts. These “trials” go on as long as the 
return afferentation from any of the successive effects does not prove 
completely adequate for the complex of afferent excitations which developed 
at the very beginning of the particular behavioural act. 

Reverting to the experiments with unconditioned reinforcement sub- 
stitution, we must add that the need for agreement between these two 
excitations was made particularly obvious when the animal exhibited an 
accentuated orientation-investigatory reaction and even refused to eat meat 
so long as it was exceptionally substituted for the usual bread reinfor- 
cement (observations of I. A. Zachiniaeva). 

One may legitimately ask what there was to prevent the animal simply 
and promptly eating the meat as it had previously eaten the bread rolls. 
It is clear that the animal’s reaction could only have developed in the 
way it did because meat was not in agreement with something or other. 
There is then the question—not in agreement with what? But we already 
know the mechanism of this non-agreement: the ensemble of the signs 
of meat—its sight and smell, as signs of the unconditioned stimulus, reaching 
the cortex in the form of specific nerve impulses, proved inadequate for 
the stored afferent excitation which developed at the very beginning of 
the action of the conditioned stimulus and corresponded completely to 
all the afferent signs of the bread previously used. It follows, therefore 
that, in the form of experiment described, we disturbed those adequate 
relationships which had been established after many reinforcements be- 
tween the supplementary afferent complex of conditioned excitation and 
the return afferentation which always developed from the eating of 
bread. 

It was definitely established in these experiments that a supplementary 
complex of afferent traces from the preceding reinforcements was already 
developing in the dog’s cerebral cortex during the period of action of the 
well learnt conditioned stimulus alone, along with the processes deter- 
mining the effector processes of the conditioned reaction (secretion, res- 
piration, movement etc.). All the animal’s subsequent behaviour is directly 
dependent on the degree of coincidence achieved between this supplementary 
afferent complex of the conditioned reflex and the stream of afferent im- 
pulses from the periphery, produced by the reinforcing agent. 
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When, however, there was any substitution in or removal of the uncon- 
ditioned reinforcement, that is whenever there was dissociation between 
the supplementary afferent complex of the conditioned excitation and the 
return afferent impulse from the unconditioned stimulus, there was, first 
of all, development of an orientation-investigatory reaction (Fig. 5). There 
are grounds for believing that the frontal regions of the cortex play a con- 
siderable part in the determination of the coincidence or non-coincidence 
of the two excitations (Shumilina, 1949). 


Conditioned stimulus Conditioned stimulus 


Analyser 





«— Analyser 


_Acceptor of 


~+—Acceotor of effec! 
eftect 


+—Non-coincidence of 
conditioned and 
unconditioned excitation 





Inadequate 
reinforcement <+——Inadequate return 


Return offerentotion 
afferentation 
° a Ae a 


a b 


FIG.5 General architecture of the conditioned reaction diagrammatic representation of the 

effect of inadequate reinforcement Conditioned stimulus, Conditioned stimulus Analyser, 

Analyser Acceptor of effect, Acceptor of effect, Non-coincidence of conditioned and 

unconditioned excitation, Reinforcement Return afferentation, Inadequate reinforcement, 
Inadequate return afferentation. 





Reinforcement 


Inasmuch as a hitherto unknown feature of higher nervous activity 
had been revealed by these experiments, we were compelled to give it 
some sort of designation. 

The specially typical physiological feature of the supplementary afferent 
complex of the conditioned excitation was its reception of the return 
afferent impulses arising from the results of the reflex effect and determi- 
nation of the agreement or otherwise of these return afferentations with 
the stored excitation, that is, with the animal’s past experience. We therefore 
recognized that the expression “‘acceptor of effect’? was the most fitting 
term to denote this cortical apparatus. This apparatus could more correctly 
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and more exactly be designated the “‘acceptor of the afferent results of 
the perfected reflex effect’ but, for simplicity of reference, we retain the 
contracted expression, the “‘acceptor of effect’. The “acceptor” conception 
affords the most accurate reflection of the meaning of all the experimental 
results obtained by ourselves and our fellow-workers since 1930, as the 
Latin word ‘“‘acceptare’’ implies the two meanings of to receive and to 
approve. 

We shall now digress a little to discuss how successful the term sug- 
gested by us has been. At the present moment it Is important for us to 
note that we use this term to designate the very real physiological mechanism 
which fulfils the cortical function of assessing the results of any reflex act 
or any adaptational effect on the part of the intact animal. Formed as a result 
of past external effects and constituting part of every conditioned excita- 
tion and behavioural act, the acceptor of effect fulfils a function which 
is decisive for adaptational behaviour: from the various impulses received 
from the periphery it determines the degree of accuracy and adequacy of 
the acts performed in relation to the original initiating stimulus. 

When, for example, a conditioned stimulus, which had always been 
reinforced with meat, acts on the animal’s nervous system, the acceptor 
of effect, which is already formulated in the commencing part of the action 
of the conditioned stimulus (Fig. 4), that is, long before the actual rein- 
forcement, then determines to what extent the reinforcement received cor- 
responds to the earlier afferent experience of the animal. 

Reference can also be made to an example from our daily lives. If an 
individual, sitting in his study, thinks of going into the dining room for 
some reason then, at that moment, a complete afferent complex of all 
the signs and stimulations received in the past from the dining room (ac- 
ceptor of effect) is reproduced in his cerebral cortex. Having entered the 
dining room and receiving from it a certain aggregate of stimulations 
in the form of return afferentations which are completely coincident with 
the earlier formed acceptor of effect, the individual then proceeds to the 
next link in his behavioural chain. 

Let us assume, however, that, abstractedly, the man entered the kitchen 
or bathroom instead of the dining room. The aggregate of all the external 
stimulations from the kitchen or bathroom setting is such that, these stimuli, 
reaching the cerebral cortex, immediately exhibit lack of agreement with 
the acceptor of effect which was specific for the dining room and which was 
already developing in the cortex at a time when the man was still in the study. 
In consequence of this dissociation between the stored supplementary 
afferent complex and the return afferentations from the end of the in- 
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correct action, an orientation-investigatory reaction develops immediately 
in the individual and he corrects his mistake, that is, he brings the stored 
afferent excitation and the reinforcing effect of the dining room setting 
into complete agreement. 

This last example shows that, in relation to any of our actions, the 
presence of the additional afferent complex is the sole and universal factor 
preventing us from making errors and enabling us to correct mistakes 
once made. And so far we have not been able to see any other possible 
ways of explaining on a physiological basis how the individual, when he 
wished to go to the dining room but went to the bathroom by mistake, 
detected the error in his behaviour. 

This pattern is so universal and of such decisive significance for an 
understanding of the behaviour of animals and men that it, naturally, 
has not escaped the attention of investigators who, at different times and 
in different forms, have been confronted with the need for its elucidation. 

First of all, let it be said once more that the very fact of “‘reinforcement’’ 
which is of universal importance for the doctrine of higher nervous activity, 
is itself an expression of this pattern. It was by virtue of the amplification 
of the reflex by reinforcement that radical transformation of the Descartes 
reflex theory in the doctrine of conditioned reflexes was brought about. 

In exactly the same way the “law of effect’”’ suggested in his time by 
Thorndike (1935) for the phenomenological assessment of the behaviour 
of animals is essentially the outward expression of the physiological pattern 
we have just been analysing. Vexkhiill’s statement (1929) on “‘conceptions”’ 
in animals, which he used as the basis for idealistic theories, must be re- 
garded in the same light here. Adrian’s conjecture that an act “‘certainly 
appears to be guided by its effects’ (7), undoubtedly refers to the same 
problem. Cybernetics makes wide use of the idea of return controls both 
in calculating machines and in other automatic apparatus. It is perhaps 
unnecessary to say that the so-called “Charpentier illusion” is a direct 
result of this pattern. 

Here in the Soviet Union very close approaches have been made to 
this problem first, by the psychologists in their investigation of so-called 
“adjustments” (D. N. Uznadze et al.), and again, by I. S. Beritov’s physio- 
logical laboratory in the investigation of “representations” as a factor 
guiding the behaviour of animals (16). No attempt was, however, made 
in any of these trends of thought to give a physiological interpretation 
to this phenomenon. 

Right from the start of the work in our laboratory on this subject 
(1932), we refused to apply psychological terms to these features of higher 
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nervous activity, designating this regulating factor “sanctioning afferenta- 
tion’’ and, as will be evident from what has been explained above, this 
pattern has submitted to completely physiological treatment without loss 
of its synthetic importance in the adaptational behaviour of animals. 

P. S. Kupalov has recently come very close to our conception of con- 
ditioned excitation, although he did not discover physiological mechanisms 
of this supplementary apparatus which regulates the purposeful adaptations 
of animals to external conditions (17). 


THE IMPORTANCE OF THE THEORY EXPOUNDED 
IN THE EXPLANATION OF SOME PHYSIOLOGICAL 
AND PSYCHOLOGICAL PHENOMENA 


The most effective aspect of the theoretical conceptions on the archi- 
tecture of the supplementary afferent apparatus in all reflex reactions 
that have been described is that they enable us to introduce clarity and 
physiological content into processes which have hitherto remained unex- 
plained. 

For example, we have already directed attention to the question of 
why the whole series of compensatory adaptations for disturbance of function 
always proceeds in one certain direction, namely, towards restoration of 
function, What mechanisms guide the selection of reflex acts approaching 





] Stimulus 


Defect Effect "a" 
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more and more closely to the restoration of function? Recognition of the 
conception of the acceptor of effect clarifies the entire process. It is shown 
diagrammatically in the individual stages of adaptation in Figure 6. 

The diagram labelled J gives the architecture of the normal reflex act 
as it has been presented in all the preceding exposition. The external stim- 
ulus causes excitation of all the parts of the cortical apparatus for the 
particular act. The acceptor of effect is depicted, as in the preceding figures, 
in the form of a supplementary apparatus with adequate connections for 
the completely defined return afferentation (“complementary connec- 
tion’). 

The several stages depicted under // represent the gradual evolution 
of adaptational behaviour after production of a defect in function “A”’. 
The first stage (a) indicates that, when the former external stimulus acts, 
the former complex of excitations—both effector excitations and excita- 
tions of the acceptor of effect—develop in the central nervous system. 
By virtue of the defect in the peripheral effect, however, the reflex effect 
that develops is not adaptational and, in consequence, a new form of 
return afferentation develops which does not agree with the stored acceptor 
of effect. This lack of agreement is represented symbolically by the hor- 
izontal lines which do not fit into the acceptor of effect. A very important 
result of this non-coincidence is that the central nervous system, mobi- 
lizing all its resources, constructs a new system of central excitations of 
efferent nature (b), while leaving the acceptor of effect in exactly the same 
form as before, in that the given stimulus can still be the stimulus for the 
completely determined adaptational act. Even this second effect does not, 
however, yield the adaptational effect ‘A’? and consequently, the picture 
of central excitations is again reconstructed and a new adaptational effect 
is produced, with a new form of return afferentation (c). Figure 6 II depicts 
a series of such successive adaptations, each associated with the formation 
of a new picture of central effector excitations. As the diagram shows, 
only the last system of central excitations (d) gave the adaptational effect 
**A” and this also led to coincidence of the return afferentations with 
the excitations of the acceptor of effect. 

Two points in this diagram deserve particular attention. (1) The final 
adaptational effect in the case of functional defect is generally effected 
by another system of central effector excitations which differs from the 
normal system (/), and (2) the acceptor of effect, connected with the features: 
of the adaptational effect, “A”, remains the same throughout the entire 
course of the compensatory adaptations. This latter circumstance is that 
which guides the entire series of compensatory adaptations. The effect 
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becomes “‘sanctioning”’ only when the return afferentation from it proves 
adequate for the excitations of the acceptor of effect. 

All and every compensatory process can thus be completely explained 
on a physiological basis. 

The phenomenon of the dynamic stereotype can also be interpreted 
completely on the same basis. 

The conceptions expounded by us are of special interest in relation 
to the physiological analysis of specifically psychological conceptions. 

The conception of “meaning” in education and in perception of the 
outside world, for example, is obviously a variant of coincidence between 
the stored conditioned excitation and return afferentations, which are 
“meaningful” in relation to this stored excitation. 

All education proceeds with return afferentations playing an obligatory 
correcting role, and indeed it is only on this basis that education is possible. 
Every correction of mistakes 1s invariably the result of non-coincidence 
between the excitations of the acceptor of effect and return afferentations 
from the incorrect action. Without this mechanism, both the detection 
of the error and its correction are impossible. It can hardly be disputed 
that practically any acquisition of habits (speech, labour, athletic etc.) 
proceeds in the same way as was indicated in the schema for continuous 
compensatory adaptation (Fig. 6). All forms of searching for objects are 
based on the features of the apparatus of the acceptor of effect. It would 
be impossible to “‘find’’ anything if the object sought did not not agree 
in all its qualities with the qualities of the excitations in the stored acceptor 
of effect. 

It is also interesting to note that very familiar and automatized con- 
ditioned reflex acts, although their occurrence takes place with the par- 
ticipation of all the components of the return afferentations described 
above, often do not reach consciousness and develop “‘unconsciously”’. 
As soon, however, as the return afferentation fails to coincide with the 
stored excitations of the acceptor of effect, the whole process immediately 
becomes a conscious one. 

On the same basis, any automatic action encountering an obstacle in 
its execution immediately becomes the subject of all-round conscious 
treatment, as a result of which a way out of the complex situation is found. 

Our conceptions on supplementary afferent apparatuses of the con- 
ditioned reflex are being reported for the first time in their present complete 
form to the Conference on Psychology. It is, therefore, naturally difficult 
at the moment to foresee how widely they will be applied for the physio- 
logical analysis of specifically psychological problems. 
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Yet the material already in existence gives me grounds for hoping that 


working contact between the physiologist and the psychologist will be 
even more complete and even more successful than it has been in the past, 


17. 


Translated by DR. R. CRAWFORD 
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THE DYNAMICS OF “TRANSFER” 
OF CONDITIONED REFLEX CONNECTIONS 
FROM ONE SIGNAL SYSTEM TO THE OTHER* 


V. S. MERLIN 


Paedagogic Institute, Molotov 


A. G. IVANOV-SMOLENSKII was the first to submit the phenomenon which 
he termed the “‘projection”’ of conditioned reflex processes from one signal 
system to the other to experimental investigation. This “projection”, 
according to Ivanov-Smolenskii, manifested itself in two ways. First, 
conditioned reflexes to stimuli in one signal system were retained when 
these stimuli were suddenly replaced by the corresponding stimuli in the 
other signal system; light stimuli, for example, could be replaced by the 
corresponding verbal equivalents or vice versa. Secondly, “projection” 
manifested itself in the fact; that the subject gave correct verbal accounts 
of the stimuli used, their relationship to one another and of their own 
reactions to these stimuli. 

Ivanov-Smolenskii explained both forms of manifestation of the “‘pro- 
jection” of conditioned reflex processes from one signal system to the 
other in the same way. His explanation was based on the principle of 
selective irradiation, whereby a nervous process arising in any centres 
in one signal system spreads selectively to the corresponding centres in 
the other signal system. It is implied here that, having spread, the nerve 
process (excitation or inhibition) is firmly retained in the parts of the 
cortex it has invaded. This type of irradiation is therefore termed “‘static’’, 
as distinct from the usual type of irradiation in the cortex and subcortex, 
which is dynamic in character. In this conception the first and second 
signal systems are obviously pictured as being spatially discrete. It should 
be mentioned that, in his last work, I[vanov-Smolenskii again stressed 
that selective static irradiation was the fundamental element in elective 
generalization, but that signs of selective dynamic irradiation and selective 
induction were also observed (1). 


* Voprosy psikhologii, No. 2, pp. 53-67, 1957. 
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The main difficulty confronting the theory of selective static irradiation 
is the unusually dynamic character of functional relationships in speech and 
thought activity. The same object or phenomenon can have different names, 
depending on the thought context. The reaction to the word concept may 
sometimes be the exact opposite of the reaction to the isolated object or 
phenomenon designated by this concept (e.g. the reactions to the mathe- 
matical concept and actual plurality of objects). This dynamic character 
of functional relationships is difficult to reconcile with the conception 
of spatial seperation of the first and second signal systems or with the 
static type of nerve process irradiation. It can be assumed that it was 
difficulty of this nature that compelled Pavlov to reject the conception 
of topographically separate first and second signal systems, which was 
the view he originally held.| In the last year of his life Pavlov expressed 
himself thus: “‘When one is discussing the separateness of these systems, 
one must think in terms mainly of functional, and not anatomical, locali- 
zation, and of the training of these systems” (2). 

Again, doubts are raised by the actual method used for the investigation 
of ‘“‘projection”’ of conditioned reflex processes from one signal system 
to the other, namely, the exceptional or sudden replacement of the con- 
ditioned stimuli in one signal system by stimuli in the other. It is generally 
impossible by this method to trace the dynamics of “projection’’. Natu- 
rally, therefore, the conception of ‘‘projection’’ acquires a purely static 
character. An attempt was made in the present work to trace the dynamics 
of this process which Ivanov-Smolenskii termed “projection”. The main 
problem was to determine whether the dynamics of “‘projection” was 
consistent with the conception of selective and static irradiation from one 
signal system to the other. 

We employed two new methodological principles in the investigation. 

First, “projection” was studied by the method of sudden replacement 
of conditioned stimuli in one signal system by stimuli in the other system 
and by alternation of the stimuli in the two signal systems throughout 
an entire experiment. 

Secondly, the two main indices of projection—replacement of the 
conditioned stimuli and the verbal response—were studied independently 
and were then systematically compared. We suggest that difference be- 
tween or identity of the two mechanisms can only be established in this way. 


METHOD 


The skin-galvanic reaction was used as the conditioned reflex index. 
Speech and motor reinforcement (in accordance with preliminary instruc- 
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tions) was employed. On the order “‘Pull!’’, the subject had to pull on 
a spring handle with previously prescribed force. The force of the move- 
ment was recorded through transmission mechanism on a scale which 
was on the experimenter’s table. After the subject had completed the 
movement the experimenter told him the reading on the scale and encour- 
aged him, saying “Correct”. The muscular contraction served as the un- 
conditioned stimulus for the skin-galvanic reaction. The strength of the 
reinforcement (in consequence of the reports made by the experimenter) 
remained almost uniform throughout an experiment. The encouragement 
given by the experimenter maintained optimum tone in the cortex. The 
differential stimuli were not accompanied by an order from the experimenter 
(“Pull!’). The conditioned stimuli acted alone for 10 seconds and, jointly 
with reinforcement, for a further 20 seconds. The movement was executed 
with the right hand and the galvanometer electrodes were fastened to 
the dorsal aspect and the palm of the left hand. The recording of the skin- 
galvanic reaction was visual. The conditioned stimuli were delivered in 
stereotype. The stereotype consisted of two pairs of coloured lamps and 
two verbal equivalents corresponding to the colours. The lamps in each 
pair were lit simultaneously but at different points in the visual field 5-10 cm 
apart. Direct and verbal stimuli alternated. In the first series of experiments 
positive conditioned reflexes and the corresponding differentiations were 
elaborated to stimuli in the first signal system and the formation of con- 
ditioned reflexes to the corresponding but unreinforced verbal equivalents 
was investigated. In the second series (with the same subjects) conditioned 
reflex connections were elaborated to the verbal equivalents and the for- 
mation of conditioned reflexes to the corresponding but unreinforced stimuli 
in the first signal system was examined. The speech reinforcement of the 
movement in the second series of experiments was effected either by word 
of mouth or by illuminating a screen bearing the appropriate inscription. 

Two orders of alternation of the conditioned stimuli were used within 
each series of experiments. The first order was (1) the main positive rein- 
forced stimulus (A); (2) the differential stimulus in the same signal system 
(B); (3) the stimulus in the other signal system corresponding to differen- 
tiation (5); and (4) the stimulus in the other signal system corresponding 
to the positive stimulus (a). This order will be referred to hereafter as I 
ABba (for the first series of experiments) and II ABba (for the second 
series). The other sequence was (1) the main positive reinforced stimulus (A); 
(2) the corresponding unreinforced stimulus in the other signal system (a); 
(3) the stimulus, differential in relation to the reinforced stimulus A, in 
the same signal system (B); and (4) the stimulus in the other signal system 
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corresponding to the differential stimulus (6). This sequence will be referred 
to hereafter as I AaBb (for the first series) and II AaBb (for the second 
series). The time interval between the first two conditioned stimuli was 
changed from 1-5 to 1-0 minute and the intervals between the remaining 
conditioned stimuli were always one minute. 

In each of the two main series, after stable transfer of the conditioned 
connections from one signal system to the other had been effected, the 
positive, previously reinforced conditioned reflex was extinguished and 
parallel changes occurring in the previously unreinforced conditioned 
reflex (to the corresponding stimuli in the other signal system) were ob- 
served. 

Adaptation of the skin-galvanic reaction to all the direct and verbal 
stimuli used in an experiment was effected before each series of experiments, 
that is, the orientation reactions to all these stimuli were extinguished 
to 0. In the adaptation experiments the stimuli were delivered at random, 
in no definite sequence. The subject gave his verbal account after each 
experiment. 

The subjects were nine first-year students of the Pedagogic Institute, 
aged 17-18, drawn from the academic groups in which the author taught. 
They had only a very general and elementary knowledge of conditioned 
reflex theory. The total number of experiments was 72. 


RESULTS 


In our experiments the reinforced stimulus in one signal system alter- 
nated with the unreinforced stimuli in the other signal system. This pro- 
cedure is exactly similar to the procedure for differentation of a condi- 
tioned reflex. We thus simultaneously created conditions for two opposite 
processes—transfer of conditioned reflex connexions from one signal system 
to the other and differentation of reinforced and unreinforced conditioned 
stimuli. What relationship exists between these processes? Which of them 
will actually take place? Consideration must be given to the fact that the 
occurrence or non-occurrence of transfer of conditioned reflex connexions 
will depend both on the general patterns of higher nervous activity and 
on the individual’s individual and typological features. 

There was none among our subjects in whom transfer from one signal 
system to the other could be said to be absent. In 6 of the 9 subjects we 
observed complete transfer of both positive and inhibitory conditioned 
reflex connections from the first to the second signal system and from 
the second to the first. In the case of 2 subjects there was complete transfer 
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only from the first signal system to the second and in one subject, only 
from the second to the first. 

The main fact established in the experiments was that the rapidity 
of formation, the persistence and the strength of “projection” or differen- 
tiation depended on the relative positions in the stereotype of the reinforced 
conditioned stimulus in one signal system and the corresponding but unrein- 
forced (projected) stimulus in the other signal system. When the correspon- 
ding unreinforced (projected) stimulus in the other signal system was 
used directly after the reinforced stimulus (order AaBb), the “‘transfer’’ 
of the conditioned connections was most rapid, most enduring and most 
stable. When the reinforced stimulus in one signal system was followed 
first by the two inhibitory stimuli and only thereafter by the unreinforced 
projected stimulus in the other signal system (order ABba), then either 
transfer of the conditioned connection was completely absent or, naving 
developed, it disappeared rapidly. 

We give some records of the experiments. In Record No. 3 (subject B.) 
the positive conditioned stimulus in the first signal system—blue and 
green colours—and the corresponding unreinforced conditioned stimulus 
in the second signal system—the words “‘blue’” and “green’’—were sep- 
arated by the two inhibitory stimuli—white and orange colours and the 
corresponding words (A Bba). 

The Record shows that at first (conditioned stimulus “B. G.’’ No. 4) 
there was projection of the positive conditioned reflex from the first to 
the second signal system. This “‘projection’” was, however, unstable. The 
reactions to the stimuli “B. G.”? No. 5 and No. 7 were 0. Subsequently, 
after a single appearance in response to stimulus No. 8, it again declined 
and reached values of 0 and 1 (No. 9 and No. 10). 

Let us compare Record No. 4, made immediately afterwards with 
Record No. 3. In this experiment the conditioned positive stimulus in 
the first signal system was followed immediately by the corresponding 
verbal stimulus (AaBb). 

In this case a positive conditioned reflex to the words “blue, green’’ 
was formed from the very beginning of the experiment (stimulus No.11 ) 
and remained present to the end. The results in the cases of the other 5 
subjects were completely similar. Changing the time interval between the 
direct stimuli (blue and green lights) and the corresponding words from 
1:5 to 1-0 minute did not make any lasting difference. The position then 
was that, with the stimuli in one order—ABba—transfer of the positive 
conditioned reflex from the first to the second signal system either was 
absent altogether or, if it did form, was unstable and ultimately disap- 
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Record No. 3. Subject B. Experiment of 24 March 1955 


Experiment commenced 18°01’; ended 18°54’30” 
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Notation. B.G.: blue and green colours. ““B.G.”: verbal stimulus—the words “blue, 
white and orange colours. ‘‘W.O.”: verbal stimulus—the words “‘white, 


green”. W.O.: 


orange” 





—— 
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14’00” 
15’30” 
17’30” 
18’30” 
19°30” 
2100” 
22’00” 
23°00” 
24’00” 
25’30” 
27'00” 
2800” 
29’00’ 
30’30” 
31’30” 
32/30” 
33/30” 
35’30” 
36'30” 
37'30” 
46°40” 
48’00"’ 
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+ 30 
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+ 3 
+ 3 
+18 +95 
0 
0 
0 
+5 +97 
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peared; with the stimuli in the other order—AaBb—transfer took place 
and was seen in relation to at least three successive applications of the 
sequence—an indication of its stable character. We suggest that this last 
fact is of fundamental importance. 
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Record No. 4 


Experiment commenced 18.00 hr; ended 18.27 hr 
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13 12’00” = 
1300” 


In addition, these experiments showed that the order ABba was the 
most favourable for differentation of the conditioned stimuli belonging 
to the same signal system. When the positive and differential stimuli were 
separated from each other by an intervening speech stimulus, differen- 
tiation was either absent or was achieved with difficulty and was unstable. 
Instead, generalization of the conditioned reflex took place. When the 
differential stimulus followed the positive directly, the best conditions 
were created for differential inhibition. We give the following Records 
to illustrate these points. 

In Record No. 3 for subject Zh. the positive (B. G.) and differential 
(W. O.) stimuli in the first signal system were separated by one intervening 
verbal conditioned stimulus “B. G.’. Right to the end of the experiment 
there was no differentation. In Record No. 4 for the same subject the 
arrangement of the experiment up to the seventh presentation of the stimuli 
was the same, and differentation was likewise absent. From the seventh 
presentation the differential unreinforced stimulus W. O. followed directly 
after the positive reinforced stimulus B. G.; with the stimuli in this order 
there was subsequent gradual development of differentation, a nil reaction 
was already being observed at the end of the experiment (stimulus No. 10), 
and it was found that differentation had been transferred from the first 
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Record No. 3. Subject Zh. Experiment of 26 February 1955 


Experiment commenced 18.05 hr; ended 18.38 hr 






































Serial No. | a Skin-galvanic 
of presen- Condi- | Rein- | Motor reaction | 
tationor’| Tine tioned force- reac- Speech 
the given stimulus | ment | tion reaction 
stimulus | ! 

d | 830" | GB. » + 65 

1 | 11307 | "GBF 

1 | 1320” | Woo. | at 2 

I 15°20” | “W.0.” Se a 

2 17’20’ , G.B. + | 80 

2 19’20” |“G.B.” | — = 

2 21’20” | W.O. | = -- 

Z 23°20’ | “W.O. mp 

3 25’20” | G.B. + + 75 

3 2720” | “G.B.” - foe 

3 29°20” | W.O — 

3 | 31/20" |}“W.07 ; — | - 

4 | 3320” | GB + ! 75 

4 34’20” | “G.B.” nee ie ae 

4 3620” | W.O = = 

4 38’20” | “W.0." | 





to the second signal system, although in unstable form (“W. O.” No. 8 
and No. 10). 

The results were the same with the other subjects. Change of the inter- 
vals between the conditioned stimuli from 1-5 to 1-0 minute produced 
no lasting differences. 

The series of experiments Il ABba and II AaBb showed that transfer 
of the conditioned connections in the reverse direction, from the second 
signal system to the first, proceeded in exactly the same way and under 
exactly the same conditions. Lack of space prevents us from giving Records. 

Certain questions arise. Is this transfer absolutely stable and enduring? 
Will the projected conditioned reflex be retained for an indefinite time, 
despite the absence of reinforcement, so long as we reinforce the main 
reflex ? Special experiments, which we have not undertaken, will be neces- 
sary for answers to these questions. The dependence of the transferred 
conditioned reflex on the reinforced main reflex is seen, however, in an- 
other fact: the transferred conditioned reflex was extinguished when the 
main conditioned reflex was extinguished. 
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Record No. 4. Subject Zh. Experiment of 1 March 1955 
Experiment commenced 19.00 hr; ended 19.49 hr 


eee 


9 | 
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9 43'00” | “B.G.” = me 3 = es = 
10 4500” | B.G. Ee | 39 = 12 = = 
10 4700” | W.O — | Le 0 _ = = 
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We reproduce a continuation of the Record of subject B. Comparison 
of this Record with that given earlier (Record on p. 109) reveals the fol- 
lowing. So long as we reinforced the main stimulus (blue and green col- 
ours) the transferred conditioned reflex to the words “blue, green’’ was 
not inhibited despite the fact that we did not reinforce it on 13 occasions. 
When later we began to extinguish the main reflex to the blue and green 
colours, the conditioned reflex to the words “‘blue, green’’ began to decline 
gradually, which meant that extinctive inhibition was starting. As often 
happens, the extinction here proceeded in an undulant manner. From 
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Record No. 4. Subject B. Experiment of 25 March 1955 
Experiment commenced 18.00 hr; ended 18.27 hr 
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15 17’00” 
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18 | 20’00” 

17 | 2100” 

19), 22'00” 

18 | 23°00” 

20 | 2400’ 

19 ; 25'00” 

21 | 26’00” 


20 | 27°00" 





time to time the conditioned reflex to the words “‘blue, green’”’ increased, 
sometimes even fairly considerably (stimulus No. 19). Ultimately, however, 
after 7 non-reinforcements of the reaction to the verbal stimulus, the 
reaction was nil (stimulus No. 20). We therefore have grounds for as- 
suming that in this case we were actually dealing with dependence of the 
conditioned reflex connections in one signal system on their formation 
in the other. 

Our experiments have thus demonstrated that whichever of the two 
opposite phenomena develops—differentiation of the stimuli within the 
same signal system or transfer of the conditioned reflex from one signal 
system to the other—depends on the character of the alternation of the 
reinforced and unreinforced stimuli. If the reinforced stimulus is followed 
immediately by the unreinforced stimulus in the same signal system, dif- 
ferentation of these two stimuli develops. If the reinforced stimulus is 
followed by the corresponding unreinforced stimulus in the other signal 
system, there is transfer of the conditioned reflex from the one system 
to the other. 


8 Recent Soviet Psychology 


114 V. S. MERLIN 


The second main fact established in our experiments is the following. 
The theory of selective irradiation implies that the nervous process develops 
originally at the points in the cortex on which the main stimuli act, and 
then spreads to the corresponding cortical points of the other signal system. 
This in fact is the origin of the term “projection” of conditioned reflex 
connections. This view is not supported by the findings in our experiments. 
In no experiment was it the case that the conditioned reflex connections 
were first formed in the foci of the main stimuli and were then transferred 
to the other signal system. On the contrary, in the case of some subjects, 
despite the fact that we reinforced the direct stimulus (blue and green 
colours), elaboration of the conditioned skin-galvanic reaction to the 
corresponding words (“‘blue, green’’) outstripped elaboration of the re- 
action to the direct stimulus. We give a Record of an experiment. 


Record No. 2. Subject S. Experiment of 10 March 1955 
Experiment commenced 18.08 hr; ended 18.45 hr 




















Serial No. | | Skin-galvanic | | 
of presen- | Condi- | Rein- Motor; __feaction | 
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2 1430” | B.G. a en ae 
P 16/00” | W.O. —~ ! _ + | 
2 1700” | “W.0.” — fo 0 
2 1800” | “B.G.” = 4 
3 19°00” | B.G. ae 90 | ed 
3 2100” | W.O. ss ee IG 
3 22’00” | “W.O.” — — | +28 
3 23’00” | “B.G.” = | Z 4-22 





In the first application of the reinforced direct stimulus B. G. the re- 
action was nil, while the first application of the corresponding veibal 
stimulus ““B. G.”’ (unreinforced) was attended by a reaction equal to +5. 
Similar phenomena were seen in three other subjects. In all the other 
subjects in whom projection of conditioned connections from one signa! 
system to the other was observed the conditioned skin-galvanic reactions 
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to the main, reinforced stimulus and to the corresponding projected stim- 
ulus developed simultaneously. 

This fact might also be explained on the grounds that every appli- 
cation of a new stimulus or of a new order of the stimuli might evoke 
an orientation reaction. The fact that the inhibitory reactions in the dif- 
ferent signal systems also developed simultaneously acquires, therefore, 
special importance. Differentiation to the projected stimulus developed 
simultaneously with differentiation to the main stimulus, and sometimes 
even before it (see Record No. 3, subject B, experiment of 24 March 1955, 
stimulus No. 5 and No. 7, on p. 109). It was the same with extinction. 
We give the record of an experiment on subject G. of 5 May 1955. In this 
experiment the conditioned reflex to the basic stimulus in the first signal 
system, the blue and green colours, was extinguished. Prior to extinction 
this reflex, after 30 reinforcements, was equivalent to a galvanometer 
beam deviation of 10 mm on the scale. 


Record No. 4. Subject G. Experiment of 25 March 1955 
Experiment commenced 19.05 hr; ended 20.01 hr 














Serial No. | | Skin-galvanic | 
of presen-| Condi- | Rein- | Motor reaction 
tation of | Time tioned | force- | reac- ene Remarks 
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ae rot ! | 
31 | 5300” | BG. | i 23s : = | a 
30, 5400" (“B.G." | 2 ~ y= | 
32 | 55°00" | BG. | — | — | +2-2 _ i —_ 
31 | 5600” | “B.G.” — | = 0 oe 
33 | 5700” | BG. [= - Bs 4-3 | ee ie age : 
32, « 5800” | “BG. | — | et = | 2) 
3406 | sy00”| BG. | - | -— | O Fo o~ Fw 
33 | 00.00” |“B.G.” | — | — |! Oo . = | ~s 
35 +, 0100" | BG. | | : : o ) - |e : 


It will be seen that, during extinction, absolute inhibition developed 
first in response to the projected stimulus, the words “‘blue, green” (stimuli 
No. 31 and 32), and only thereafter in response to the basic stimulus, 
the blue and green colours (stimulus 34). 

The same phenomenon was seen in three more subjects, and it occurred 
in both the first and second series of experiments in each of them. 
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In this connection there was also another characteristic feature. In 
some cases a conditioned reflex appeared sometimes in response to the 
basic stimulus and sometimes in response to the corresponding projected 
stimulus. Jt was as if the excitation or inhibition fluctuated (oscillated) 
between the first and second signal systems. \t is of particular importance 
that this fluctuation was seen in relation to both the positive conditioned 
reaction and the inhibitory conditioned reaction (differentiation), which 
again excludes any explanation of this phenomenon by the effect of an 
orientation reaction. To illustrate this we give an extract from the Record 
of subject G. for 25 March 1955. 


Record No. 3. Subject G. Experiment of 25 March 1955 
Experiment began 19.09 hr; ended 19.59 hr 
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13 50/30” | B.G. + 105 +5 ees = 
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The Record shows that differentiation developed sometimes in response 
to the projected stimulus, the words ‘“‘white, orange’? (reduction of the 
reactions to stimuli No. 11 and No. 13) and sometimes in response to 
the main stimulus, white and orange colours (stimulus No. 12). 

Thus the actual term “projection” or “transfer” is not in accordance 
with the facts observed. The phenomenon discovered and investigated 
by Ivanov-Smolenskii would be more correctly termed dependence of the 
conditioned reflex connections in one signal system on the elaboration 
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of connections to stimuli in the other signal system with corresponding 
significance. This terminology does not contain any implied explanation 
of the physiological mechanism, as does the term “‘projection’’. 

Finally, we present the third main fact emerging from our experiments. 
The notion of selective irradiation of nerve processes contained in Ivanov- 
Smolenskii’s conception is linked with one tacitly implied but experimentally 
unconfirmed assumption. It is suggested that “transfer” of conditioned reflex 
connections from the first signal system to the second and adequate verbal 
accounting by the subject are physiologically identical processes. But the 
participation in speech activity of specialized parts of the cortex, the speech 
“centres”, distinct from the centres for the first signal system is not a matter 
of any doubt. This, of course, does not in any way mean that speech acti- 
vity depends solely on these specialized and localized areas. How then, 
if not by selective irradiation, can the transfer of conditioned reflex con- 
nections from one signal system to the other be effected ? In order to answer 
this question it is necessary, first of all, to determine experimentally, whether 
transfer of conditioned reflex connections from the first to the second 
signal system does in fact depend on the same nervous processes as ade- 
quate verbal accounting. For this we compared the degree of adequacy 
in the verbal accounts given by our subjects with the presence or absence 
of transfer of conditioned connections from the first to the second signal 
system. 

Comparison of the verbal accounts given by our subjects with the 
projection of conditioned reflex connections from the first to the second 
signal system revealed that there was no correspondence between the two. 
In the case of some subjects, despite definite and stable projection, the 
verbal account was generally very inaccurate. Subject S., for example, 
had correct projection of the positive and inhibitory conditioned reflex 
connections from the first signal system to the second, yet his verbal account 
was like this: “‘The first time you said “‘blue, green” I started a bit, but 
afterwards, when I became accustomed to the routine, I was no longer 
straining, and when you said “Pull!’”’, I pulled. When you said “White, 
orange”’ I also tried to ...., but afterwards when I was accustomed to 
the routine, I did not begin to pull. (What was the order of the signals ?) 
First “‘white, orange”’ then “‘blue, green”. Later “‘pull’’ and then let go, 
and again the same, and later the little lamps lit—in the same order. (In 
what order did the lamps light?) First the blue and green, then the white 
and orange. (In what order did the names of the colours alternate?) 
When you said the names the lamps did not light. The colours were named 
first, then the lamps lit. (Were the names of the colours the same as those 
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of the lamps or not?) On the contrary, I think that when you said “blue, 
green”’ the white and orange lamps lit and when you said “white, orange’, 
the blue and green lamps lit’. 

Thus, the subject perceived the words “‘white, orange’, not as following 
the corresponding colours but as a signal preceding the delivery of the 
opposite colours, blue and green. In the same way she perceived the words 
“blue, green’, not as following the corresponding colours but as a preli- 
minary signal for the opposite colours, white and orange. It follows, there- 
fore, that the subject’s verbal account contained no recognition of the 
correspondence between the colour signals and the words that followed. 
At the same time there was complete correspondence between the two 
in the skin-galvanic reactions. The subject reacted in exactly the same 
way to the words “‘blue, green” as to the colours, blue and green, that 
is, by a positive skin-galvanic reaction, and the words “white, orange”’ 
caused inhibition of the skin-galvanic reaction, just as the corresponding 
colours. Thus, the verbal account in this case was not in agreement with 
the projection of the conditioned connections from the first to the second 
signal system. The same inversion of the connection between the verbal 
and the direct colour stimuli was present in the verbal accounts given 
by subjects B. and Gs while the projection of the conditioned reflex con- 
nections from the first to the second signal system in these subjects was 
correct. 

The following feature, observed, it is true, in only one subject, was 
still more convincing. In the experiments on this subject (because she was 
found to be suffering from partial colour blindness) we used a higher 
and a lower tone (Galton’s whistle) of 1200 and 1220 c/s as conditioned 
stimuli in the first signal system and the corresponding verbal equivalents 
as stimuli in the second signal system. In the first experimental session 
(transfer of conditioned connections from the second to the first signal 
system) the subject made it evident that she distinguished the two tones 
badly: “Sometimes they are the same and sometimes they seem different. 
I cannot tell which is the higher and which the lower tone’’. At the same 
time, after four non-reinforcements of the differential stimulus, the words 
“low tone”, which gave absolute inhibition, the inhibition was at once 
transferred to the first signal system and was retained to the end of the 
experiment. The positive conditioned reflex was likewise transferred to 
the first signal system, but it was inconstant and unstable (in the series 
II ABba). 

All these facts indicate that, physiologically, adequate verbal accounting 
is not identical with transfer. 
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Further, it 1s quite important to remember that the verbal account 
is inadequate only in the first or the first two experiments. After several 
experiments even those subjects whose verbal accounts were at first in- 
correct then gave completely correct accounts. 

This is apparently explained by the fact that, as a result of previous 
interrogation by the experimenter, there was a certain direction of the 
subject’s interest to the phenomena which were likely to be discussed 
in the subsequent experiments. Consequently, the degree of adequacy of 
the verbal account depended on the presence of a special task confronting 
the subject. Physiologically, this task could be regarded as completely 
specific verbal reinforcement in the form of implied instructions. 


DISCUSSION 


The facts ascertained are opposed to the conception of selective and 
static irradiation in the following respects. This conception implies that 
the nervous process, having spread from one signal system to the other, 
is firmly maintained in the parts of the cortex it invades. Hence the term 
static irradiation. At the same time the phenomenon of “transfer” of 
conditioned reflex connections from one signal system to the other is 
unusually variable. Transfer having taken place, it may then prove un- 
stable or disappear completely. Again, unstable initially, transfer may later 
become stable. It follows, therefore, that the excitation or inhibition devel- 
oping in the cortical elements of the second signal system during “transfer” 
is itself unstable by virtue of the specific function of the second signal 
system. It becomes stable or, conversely, unstable, depending on definite 
objective conditions. The principal conditions on which the occurrence or 
non-occurrence of transfer from one signal system to the other and the 
stability or instability of the transfer depended were the time relationships 
between the direct conditioned stimuli in the first signal system and the 
verbal stimuli of corresponding significance in the second signal system. 
These time relationships are expressed in the order of alternation of the 
direct and verbal stimuli and in the different intervals between the stimuli 
determined by a given sequence. Consequently, the nervous processes 
developing in connection with transfer to the second signal system are 
dynamic in the same degree and in the same sense as nervous processes 
in the cortex generally are dynamic. They are determined by the time 
relationships between the stimuli. Thus, if it is assumed that transfer is 
explained by irradiation, then irradiation too must be dynamic and not 
static in character. Observed facts are not, however, consistent with selective 
irradiation of dynamic type. 
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The principal law governing the dynamics of nervous processes in the 
cerebral cortex is that, after irradiation, there is subsequent concentration 
of the nervous process. It is natural, therefore, that more time should be 
required for the development of concentration than for the development 
of irradiation. In our experiments, however, both transfer of the positive 
conditioned reflex from one signal system to the other and differentiation 
within the same signal system proceeded most favourably when the main 
reinforced stimulus was followed immediately by the corresponding stim- 
ulus in the other signal system in the case of transfer, and by the similar 
stimulus in the same signal system in the case of differentiation. Change 
of the interval from 1:5 to 1-0 minute was of no material importance in 
either case. Consequently, quite paradoxically and against all we know 
about irradiation and concentration, the same or even a lesser interval 
of time was required for irradiation of the nervous processes from one 
signal system to the other in comparison with the time required for con- 
centration of the nervous process in one signal system and for differen- 
tiation derived therefrom. 

Further, in experiments with irradiation and concentration the time 
interval is always the indicator of the distance between the corresponding 
points in the cortex. More time is required for irradiation to more distant 
points in the cortex and, conversely, the irradiating process reaches the 
nearer points earlier. In our experiments the most favourable conditions 
both for transfer and for generalization of the conditioned stimuli in the 
same signal system were created in the AaBb series. In this series, however, 
the interval between the main and the projected stimulus was from 1-0 
to 1:5 minutes and the interval between the reinforced and the unrein- 
forced stimulus in the same signal system was from 2:0 to 2:5 minutes. 
Consequently, irradiation of the nervous process between the cortical 
points referable to the same signal system and to the same analyser re- 
quired a considerably greater time interval than irradiation between cor- 
tical points referable to different signal systems and different analysers 
(auditory analyser for the second signal system stimulus and visual for 
the stimulus in the first signal system). 

The irradiation cannot even be explained by the fact that not infre- 
quently a conditioned reflex—positive or inhibitory—to a projected stim- 
ulus develops before that to the basic stimulus. 

It cannot therefore be asserted that the nervous process developed 
initially in the focus of the main stimulus and then spread to the focus 
of the projected stimulus. Consequently the actual term “projection” or 
“transfer” is not consistent with the observed facts. Finally, the fact that 
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we sometimes observed alternation of the conditioned reflex—positive or 
inhibitory—in response sometimes to the main and sometimes to the 
projected stimulus is not consistent with the conception of selective irra- 
diation. Nor can the occurrence of selective irradiation be based on the 
fact that the nerve process in projection must spread to those localized 
parts of the cortex which participate in speech activity. We have seen 
that speech activity, as manifested in the verbal account, was determined 
by other objective conditions than ‘“‘transfer’’ of the conditioned reflex 
connections from the first signal system to the second. There are therefore 
no grounds for asserting that the physiological mechanism of transfer 
is identical with the mechanism for any speech activity. 

Thus, none of the facts observed is consistent with the conception 
of selective irradiation. 

In what direction should a positive answer to the question of transfer 
of conditioned reflex connections be sought? 

First of all, it seems obvious that an answer should be sought on the 
assumption of different functional levels in the same cortical elements, and 
not of topographically discrete first and second signal systems. 

Secondly, the facts described above concerning the fluctuation (oscil- 
lation) of conditioned reflexes between the first and second signal systems 
create the impression that this phenomenon is dependent on assimilation 
of rhythm by the cortical cells subject thereto, in the sense of the Vveden- 
skii-Ukhtomskii doctrine. The testing of both these hypotheses will, of 
course, require special investigations. 


CONCLUSIONS 


(1) The occurrence or non-occurrence of transfer of conditioned con- 
nections from one signal system to the other depended on the order of 
alternation of the conditioned stimuli. 

(2) The order of the conditioned stimuli most favourable for transfer 
was one in which the main stimulus in one signal system was followed 
immediately by the corresponding (projected) stimulus in the other signal 
system (AaBb). In the same way, the order in which the reinforced stim- 
ulus was directly followed by the unreinforced stimulus in the same signal 
system was the most favourable for differentiation (A Boba). 

(3) The most unfavourable order for “‘transfer’? was that in which the 
inhibitory stimuli were used between the main reinforced stimulus in one 
signal system and the corresponding projected stimulus (ABba). In the 
same way the order in which the reinforced and unreinforced stimuli in 
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the same signal system were separated by a stimulus tn the other signal 
system was the least favourable for differentiation. 

(4) A positive or inhibitory reaction to the projected stimulus sometimes 
developed earlier than that to the corresponding basic reinforced or differ- 
ential.stimulus in the other signal system. In some cases alternation of 
the conditioned reflex, positive or inhibitory, was observed in response 
sometimes to the main and sometimes to the projected stimulus. 

(5) Rapid development of transfer of conditioned connections from 
one signal system to the other and persistence and stability of the transfer 
were sometimes observed even in cases in which the subject gave an in- 
adequate verbal account of the nature of the link between the stimuli 
employed or of their differences. 

(6) None of the facts established are in agreement with the conception 
of selective and static irradiation from one signal system to the other 
(A. G. Ivanov—Smolenskil). 

Translated by DR. R. CRAWFORD 
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ON THE THEORY OF THE SENSE OF TOUCH * + 


B. G. ANAN’EV 


Dept. of Psychology, Leningrad University, and Leningrad Educational Research Institute 
(Academy of Pedagogical Sciences of the R.S.F.S.R.) 


THE sense of touch is one of the most important sources of human con- 
sciousness, one which Lenin held to be on the same level of importance 
as sight. During the 19th and 20th centuries the problem of touch has 
been studied experimentally by several sciences: psychology, physiology, 
anatomy, clinical neurology, pedagogics, and defectology. Great con- 
tributions to the study of touch have been made by scientists abroad 
(Weber, von Frey, von Skramlik, Head, Kants, Revese and others). 

To I. M. Sechenov, however, belongs the honour of having created 
a unified scientific theory of touch common to all the sciences studying 
this phenomenon of sensory reflection. 

Using as his basic approach the materialist theory of consciousness, 
Sechenov showed that touch is a special form of reflection in the brain 
of the mechanical, physical and spatial properties of material bodies. 
He was the first to reveal the reflex nature of touch, having made a me- 
ticulous study of the inter-relation of tactile sensations and voluntary 
movements. The latter were in their turn reflected in the brain in the form 
of kinaesthesia signalling the correspondence of these movements to the 
external cause evoking them. The integrated character of the reflex act 
of touch in the process of handling an object was taken by Sechenov to 
be a pattern of the reflex nature of any process of perception. By the genetic 
method Sechenov discovered the community of sight and touch in the 
reflection of spatial characteristics and relationships, formulating this in 
the well-known thesis that touch is “‘a sense parallel to sight’. 

Sechenov’s reflex theory of touch was creatively developed by A. A. 
Ukhtomskii. Before the October Socialist Revolution, Ukhtomskii in de- 
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fending the reflex theory of mental activity showed that the highest level 
of nervous activity is organically linked with the development of active 
motor reflexes, which are just the opposite in significance to the defensive 
motor reflexes which his philosophical opponent Vvedenskii took to be 
the one and only type of reflex, from which creative activity cannot be 
deduced. Developing Sechenov’s teaching, Ukhtomskii demonstrated that 
the defensive motor reflex is based on sensitivity to pain, whereas active 
motor reflexes find their basis in tactile receptors. Subs:quently Ukhtomskii 
clearly formulated the thesis that tactile impulses, their cortical integration, 
active movements and their kinaesthesias, are all links in the chain of 
a single reflex act manifesting itself in the process of handling. Like Se- 
chenov, Ukhtomskii considered the human hand to be an important com- 
plex tool of the brain of man, being at one and the same time a natural 
organ of labour and an organ of cognition of the external world. 

An important contribution to Sechenov’s reflex theory of touch was 
made by I. P. Pavlov and his school, who discovered the dermal-mechanic 
and dermal-temperature analysers. He drew attention to the particular 
connection with these of the motor analyser represented by a region of 
the cortex that had earlier been treated as a motor region assumed to 
be antithetic to the sensory zones of the cortex. Using stimuli appropriate 
to these analysers Pavlov and his school studied conditioned reflexes and 
their differentiations, their peculiar characteristics and their part in the 
systematic activity of the cortex. 

Attention was turned to the fact that conditioned reflexes from the 
dermal-kinaesthetic analyser cannot be elaborated without involving the 
dermal-mechanic analyser. But conditioned reflexes from this analyser are 
elaborated without bringing in the kinaesthetic analyser, which provides 
evidence of the biological dependence of cortical motor reactions upon 
the dermal-mechanic analyser. Sechenov’s and Ukhtomskii’s idea of the 
tactile-kinaesthetic structure of complex motor acts thus found precise 
experimental confirmation. 

The reflex theory of touch provided a scientific explanation of the 
nature and mechanism of touch. In addition the theory of anthropogenesis, 
elaborated by Engels, hypothesised that the human hand is not only a nat- 
ural organ of labour, but a product of labour, which has had an enormous 
influence on the uevelopment of the brain. Owing to the hand being the 
product of labour and its sole organ, it became also an important organ 
of cognition of the mechanical, physical and spatial properties of the 
material bodies of the external world which are worked upon by man 
with tools. Engels attributed great significance to touch in the process 
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of cognition, linking with it the first origin of elementary geometrical 
knowledge. Engels anticipated subsequent discoveries by the natural 
sciences and by psychology, stressing the thesis that touch is a source 
of cognition specific to man, born of development through social 
labour. 

This unity of the reflex theory of touch and the historical-materialist 
understanding of its origin and essential nature provides the theoretical 
foundation of studies of the sense of touch in Soviet psychological science. 
Starting with this foundation, Soviet scientists have discovered important 
new facts elucidating directly or indirectly the genesis and role of touch 
(work by Kotlyarova, Leont’ev and Zaporozhets, Kolodnaya and others). 

On this same basis a series of experimental investigations begun in 
1937 has been carried out in our laboratories, by Shifman, Rosenfel’d, 
Yarmolenko, Anan’ev, Davydova, Vekker, Idel’son, Lomov, Pantsyrnaya, 
Tregubova, Rykova and others. Part of these investigations has been 
published. 

Following the theories of the founder of the reflex theory of touch, 
we turned especial attention to the correlation of tactile and kinaesthetic 
sensations in the process of handling. We also examined the dependence 
of the structure of movements in handling on the analysis and synthesis 
of tactile and kinaesthetic signals reflecting the formation and properties 
of the objects handled. 

We have attributed special significance to the facts discovered by 
Vekker, who showed that upon the exclusion of kinaesthetic signals (in 
passive touch) not only the size but also the form of the object is reflected, 
if the latter is in a state of movement, i.e. is shifted across the unmoving 
hand. He has demonstrated that not only the movement of the hand itself, 
but the movement of the object also, forms a comparatively adequate 
image, if instructions indicate a point from which to calculate movements. 

Yarmolenko and Pantsyrnaya dealt with another problem. It was 
essential to elucidate the possibility of forming knowledge of the shape 
of a figure by means of instrumental handling, tactile signals being ex- 
cluded. It transpired that such knowledge is formed, but with great dif- 
ficulty and delay, although it is almost impossible to achieve complete 
exclusion of tactile signals. If direct contact of the hand with the object 
being touched with a “tool” (a joint-pin) is excluded, tactile signals arise 
from the contact of the hand with the tool, consequently reproducing 
kinaesthetic signals. Even isolation of the skin cannot exclude tactile 
impulses, which evidently play a certain role in connection with the sense 
of touch via instruments. 
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Our investigations further showed that tactile and kinaesthetic analysis 
is carried out in a peculiar way by each finger of the hand, proceeding 
differently in the right and left hands. Synthesis of the multitude of tactile- 
kinaesthetic sensations appears in the integrated activity of the hand, 
which Vekker considers as a single coordinate system. In this system 
a kind of point from which to read is provided by the thumb, which per- 
forms the function of a support in the process of handling. A special sig- 
nalling function in distinguishing and apprehending the form of an object 
is performed by the index finger in the handling system, where each finger 
is a sort of transmitter of movement. In the handling of three-dimensional 
figures the palm of the hand is also brought in, being close in its supporting 
functions to that of the thumb. 

It is important to note that the synthesis of tactile-kinaesthetic sensa- 
tions in the process of handling is determined by the structure and spatial 
properties of the object handled, reflecting more or less adequately both 
the parts and the integrated structure of the object. 

Of particular significance for the development of the sense of touch, 
of course, is handling with both hands rather than with one. Abramovich- 
Lekhtman previously showed that the foundation of actions with objects in 
early childhood is connected with the handling of the object with both hands. 

A number of demonstrations of primary bimanual touch in actions 
with objects have been obtained in our laboratory by Golubeva and Bush- 
urova. We encountered the same fact in our study of various operations 
tn work processes (packing cigarettes, picking cotton by hand, etc.). Simul- 
janeous working of both hands together in the handling process is typical 
of the reading and writing of blind persons and of their apprehension 
of the relief contours of geographical maps (Vekker), and of their ap- 
prehension of three-dimensional depictions in sculpture (Yarmolenko). 

Recently obtained experimental data provide further evidence of the 
importance of the problem raised by Davydova and myself as long ago 
as 1940, when a cycle of experiments was made studying bimanual touch. 
Subsequently this problem has been systematically studied in a number 
of investigations carried out in our laboratory, especially by Lomov. 

Under the conditions of bimanual touch the analytical and synthesising 
activity of the brain proceeds in a peculiar manner. This relationship 
between the sequential and spatial aspects of touch acquires special im- 
portance. If an object felt with both hands is symmetrical, the process 
takes place more or less synchronously. When the figure is asymmetrical 
the process is usually asynchronous. Under experimental conditions of 
asymmetric but synchronous handling sharp contradictions are found be- 
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tween the tactile-kinaesthetic signals sent by the two hands, like the phe- 
nomenon of struggle between fields of vision in stereoscopic binocular 
vision. In blind persons, as opposed to the sighted, this phenomenon is 
much weaker, though it does not disappear completely. 

It was found that the relation of tactile to kinaesthetic sensitivity was 
different for the two hands. Many experiments by our workers have shown 
that in the touch complex of the right hand kinaesthetic sensitivity is 
dominant, whereas in that of the left hand tactile sensitivity is dominant, 
and this exceeds the sensitivity of the right hand in differentiating power 
and precision. 

In persons whose right hand is the leading one, kinaesthetically speak- 
ing, the left hand often leads in respect of development of tactile sensitivity. 

Such a contradictory phenomenon can only be explained on the basis 
of the Marxist theory of anthropogenesis. 

In the process of labour man acts upon the object of labour by means 
of a tool, i.e. he has to deal with two material bodies. In his primeval 
historical phylogenesis man must inevitably have used both hands, dividing 
their functions according to the intended use of the object and of the 
tool. We have assumed that the right hand was the organ operating with 
the tool, while the left operated with the object worked on. This assumption 
has been confirmed by what we have learnt of the work of the archaeo- 
logist Seménov, who has reconstructed the act of labour in the palaeo- 
logical epoch. 

We further supposed that in accordance with such a division between 
the hands in the labour process a division also took place in the analytical 
functions of the two hands: the right hand specialised mainly in the kinaes- 
thetic respect, in as much as the chief impulses from tools are kinaesthetic, 
and the left hand specialised in tactile signals from the change produced 
by the working of the tool on the surfaces of the object. To a certain 
extent this hypothesis is confirmed by study of the formation of activity 
with objects on the part of the child, by study of the formation of elemen- 
tary skills in handwork lessons. 

What is the mechanism of the simultaneous working of both hands 
as observed in bimanual touch, with its contradiction of dominants in the 
general tactile-kinaesthetic complex? We supposed, and this has been 
confirmed by experimental studies, that this mechanism lies in the asso- 
ciated working of the cerebral hemispheres and in the inductive relation- 
ships between them. In as much as our published works have been devoted 
to this problem, we shall not here quote the evidence which supports 
this hypothesis. 
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It would, however, be wrong to suppose that the coupled work of the 
large hemispheres ts the sole basis of bimanual touch. Rykova’s experiments 
have shown that conditioned reflexes from the dermal-mechanic analyser 
are transferred from one hand to the other without special training. This 
confirms in man the well-known Krasnogorskii phenomenon. The extent of 
transference from the leading hand to the non-leading and vice versa, however, 
varies according to the stereotype of movements that has been built up. 

Also very telling are Idel’son’s electroencephalographic experiments, 
showing that during monomanual touch bioelectrical activity is observed 
in the occipital and frontal sections of both hemispheres, which is gradually 
concentrated in one of these, that opposite to the hand used. 

In a series of investigations comparing the interaction of the monocular 
systems in binocular vision, of the monoaural systems in binaural hearing, 
and of monomanual touch in bimanual handling, we have demonstrated 
that the coupled work of the large hemispheres is the common basis of 
spatial distinction and of man’s orientation in space. 

In the process of bimanual touch the analytical and synthesising activity 
of both hemispheres is extremely complicated. Lomov has studied filmed 
material recording the establishment of a trajectory of movements in 
handling, and the quantitative relationship of elements of movement and 
rest. Evidence of the complexity of the process during the handling of 
even one figure is provided by the following fact. In the course of less 
than half a minute 56,000 points of different kinds can be distinguished 
during handling: 1) points of shift across the surface of the object; 2) points 
of rest on the surface of the object; 3) points of movement of a finger 
away from the surface of the object and 4) points of rest of the finger 
away from the surface of the object. The sum of these points represents 
a sort of equilibrium in the coordinate system of the two hands. 

The greatest number of points is accounted for by elements of shift 
and rest directly upon the surface of the object. Points of these kinds 
are met with most frequently where the contour of the object exhibits 
the least curvature, thus demanding particular differentiation, and at the 
angles indicating the outline of the object. 

Through the combination of elements of shift and rest directly upon 
the surface of the object an adequate image of the object handled is created. 
With change in the structure and properties of the object the character 
of the handling also chamges, reproducing fairly accurately the structure 
of the object. 

It is essential to note that the index finger of the right hand, to which 
belongs the greatest number of elements of shift, ts also characterized by 
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the greatest number of elements of rest upon the surface of the object. 
It may be supposed that in this case we have not only motor inhibition, 
but a stepping-up of tactile signals. In the left hand a similar combination 
is found not in the index but in the middle finger, in connection with which 
the analytical function of the fourth finger of the left hand is heightened. 
In the common system of the two hands the fourth fingers and little fingers 
perform a balancing function, which is expressed in a vast quantity of 
elements of shift and rest away from the surface of the object. Further 
study of the analytical activity of the brain in the process of handling 
will enable us to deepen our scientific knowledge of the complex synthesis 
of tactile sensations and kinaesthesia represented by active touch in 
man. 

Even the various experimental data already accumulated by us indicate 
that active motor reactions find their source in the dynamics of tactile 
sensations, with which the kinaesthesia of these movements is specifically 
linked. Ukhtomskii’s hypothesis of the afferent and cortical opposition 
of motor-defensive and active motor reflexes is fully confirmed by the 
new data briefly indicated in this paper. 

In recent years there has been a considerable increase, among those 
working in psychological science, in the interest aroused by the study 
of the kinaesthesia of working movements and the handling of objects. 
In posing these questions, however, account is not always taken of the 
organic connection between the functions of the motor and the dermal- 
mechanic analysers, or of the important part played by the dermal-mechanic 
analyser in the organisation of conscious movements. 

A comparative study of direct manual handling with mediated (“‘instru- 
mental’’) handling shows that tactile impulses exert a considerable influence 
not only on the process of reflection of the object acted upon, but also 
on the process of reflection of the actions of the tools being used upon 
the object. This influence comes out especially strongly when materials 
and tools are being mastered for the first time, e.g. in the course of teaching 
children handicraft skills. In more remotely mediated forms this influence 
also shows itself in complex work operations. 

These traditions of Sechenov’s work must be developed further in our 
psychological science. The theory of touch must be profitably applied 
in the field of industrial psychology, and likewise in the field of studying 
man’s actions with objects at different stages of his development. If this 
is to be done it is essential to elaboi1ate more profoundly the theory of 
touch, which has still not attracted sufficient attention from Soviet research 
workers. 
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We have not yet had any scientific monographs written about the 
sense of touch in man, and the material devoted to the basic scientific 
data on touch in textbooks and other teaching aids in both psychology 
and physiology cannot be considered satisfactory. 

Further study of the laws governing the development of touch is also 
essential for a more complete treatment of the problem of perception as 
a whole, since the influence of touch on the genesis of sight, hearing and 
other forms of sensitivity is indubitable, though still insufficiently studied 
in detail. The conditioned-reflex connections of all the analysers of the 
environment with the dermal-mechanic and motor analysers are the key 
to understanding the mechanism of this influence, which is exceedingly 
important for the formation of the general structure of the sensory reflec- 
tion of objective reality. 


Translated by RUTH KISCH 


SOME THEORETICAL PROBLEMS 
OF THE IMAGE IN TOUCH * 


L. M. VEKKER 
Department of Psychology, Pedagogical Institute, Vilnius 


I, M. SECHENOV posed the problem of the image in two of its most im- 
portant aspects: from the point of view of the objective content of the 
image, and from that of its practical significance as a regulator of move- 
ments and actions. 

“The practical significance of sensation, then’, wrote Sechenov, ‘“‘is 
determined primarily by its relation to the working organs, by its ability 
to evoke appropriate reactions, and only secondarily by the qualitative 
aspect of the sensory products—the ability of sensation to change according 
to change in the conditions of stimulation. In the first context sensation 
is one of the main means of self-preservation; in the second—a means 
of communication with the objective world ..... In its first aspect sensa- 
tion belongs wholly to the field of physiology, in its second it links our 
science with psychology” [1]. | 

The majority of researches into sensory images—sensations and per- 
ceptions, in particular dermal sensations and tactile perceptions—have 
been devoted to the second of the above-mentioned aspects of the problem, 
i.e. to the objective content of the image and to the mechanisms of for- 
mation of sensations and perceptions. The same line has been followed 
by our investigations into touch, mentioned by B. G. Anan’ev. The sub- 
sequent course of these investigations of touch led us to the problem of 
the tactile image from the first of the two aspects described, which is ex- 
tremely important and affects the basic principles of both psychology and 
physiology, from the point of view of the problem of movement and action 
and role of the image in this action. 

Up to a certain stage the investigations into the movement of the hand 
in its different variants, and in general the problem of the correlation 
of movement and action with the image of the object acted upon by the 
movement, were seen by us from one side only—the movement of the 
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hand came under consideration as a most important factor in the forma- 
tion of an integrated and adequate objective image. As regards the other 
side of this problem of correlation of image and movement—the depen- 
dence of movement and action upon the image—here movement was to 
us, aS to the majority of workers concerned with touch, only a mathema- 
tical means of revealing objectively and registering the image in the drawing 
made by the subject. 

At a certain stage in the investigation it became clear that what had 
been for us a methodological means of investigation was itself an inde- 
pendent and major object for special psychological and physiological 
research. It appeared that the character of the movements of the hand 
in depicting the object, like the character of any objective action, could 
not be explained without taking into account the influence of the image 
upon the development of the reflexes which result in motor responses. 

We thus approached one of the most important problems posed by 
J. M. Sechenov—that of the image as a regulator of movement. 

‘‘Sensation is everywhere a regulator of movement’’, wrote Sechenov. 
From his point of view sensation serves as a means of distinguishing the 
conditions of action and as a regulator by whose help the action is brought 
into correspondence with the objective conditions under which it is pro- 
ceeding. Herein lies the practical significance in life of the sensory image. 
This general thesis on the image as a regulator of movement is made more 
concrete by Sechenov in relation to touch. “But as soon as the eye ceases 
to follow the work, the movements are under the sole control of tactile- 
muscular feeling in the hand itself, connected with the working move- 
ments” [2]. 

These theses of Sechenov on the image as a regulator of movement 
find their further development in I. P. Pavlov’s teaching on the signalling 
function of sensations, perceptions and ideas. In this way analysis of the 
reflex mechanisms of action, of the sources of the adequacy of the reflex 
effects of the objective situation upon which they are directed, brings us 
quite objectively to the problem of the image from the point of view of 
its practical significance in life, i.e. from its participation in the interaction 
through reflexes of organism and environment. Such an analysis of the 
image from the point of view of its regulating or signalling role in action 
brings us in turn to an important feature of the mental representation 
of the object, to what used previously to be referred to in psychology 
as the projection of the image, or what Sechenov calls its objectified nature. 

The image can serve as a regulator of action, can bring the latter into 
correspondence with the spatial conditions of its occurrence, precisely 


THE IMAGE OF TOUCH 133 


because it provides a reflection of the object in its objective position in 
external space. It is thus no fortuitous connection that Sechenov makes 
between the regulating function of the image, its practical significance, 
and this most important characteristic. 

“Whichever way you look at it’, wrote Sechenov, “it is the two prop- 
erties just dealt with, articulation of impressions and their reference 
back to their original causes, which determine the practical significance 
in life of the higher sensory organs”’ [3]. 

Sechenov considers its objectified nature to be a most important fea- 
ture of the tactile as well as of the visual image. The analogy between 
the surface of the palm of the hand and the retina comes out further in 
the fact that in both cases the impression is objectivised, 1.e. is felt not 
as a change taking place in the state of our body, but as something ex- 
ternal contingent upon the sensing surface. We are thus brought face to 
face with this problem of projection, with logically compelling force, by 
both analysis of the objective content of the image and analysis of its 
practical significance in life, 1.e. analysis of the mecfanisms of its reg- 
ulating or signalling function. Definition of the nature and sources of pro- 
jection is also essential for subsequent solution of the problem of the 
mechanisms of action with objects. 

Yet this most important problem has recently failed to appear as an 
object of study either in psychological theory of the image in general or 
in the theory of touch in particular. It has likewise disappeared from 
the purview of physiological investigations of the laws governing the work 
of the analysers. 

This leads, in the last resort, to the image being written off; to sen- 
sation and perception, bearers of the property of objective imagery, being 
reduced to no more than the dynamics of the nervous processes underlying 
the image and taking place in this or that part of the analyser. One of 
the basic theoretical reasons for such a situation in the posing and solution 
of this problem is the actual divorce of the process taking place in the 
analyser from the object, or source of stimulation which is continuously 
participating in that process. This means the divorce of the internal dy- 
namics of processes within the analyser from the direct interaction of the 
analyser with the object or stimulus. This divorce is justified and necessary 
at certain stages of physiological study of the activity of the analyser, 
of the internal dynamics of stimulus and excitation, but it is most definitely 
inadmissible when analysis is being made of the formation of sensation 
and perception as objective images. For in this case the object is not only 
a source of stimulus, but the object being depicted. 
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The receptor theory cannot shed light on the process of the formation 
of the objective image having the property of projection, since it reduces 
the whole process within the analyser to a receptor process of stimulation, 
to the setting in motion of the receptor, a process which, although evoked 
by the action of the stimulating agent, is thereafter in fact divorced from it. 
The receptor theory thereby inevitably turns the objective image of the 
object into a mere sign standing for it. For the process of stimu- 
lation in itself does not contain within it an objective depiction of 
the object. 

In opposition to the receptor theory stands the conception which sees 
as the final point in consideration of the whole process within the analyser 
the central dynamics of excitation and inhibition, and in fact reduces 
the image to these latter, just as the receptor theory reduces it to the process 
of stimulation. 

It is obvious that this conception also is unable to illuminate the mech- 
anisms of the formation of the objectivised image, for here a special mech- 
anism is clearly called for to “carry back” from the centre to the periphery, 
and the “‘carrying back”? must be more than simply a system of nervous 
impulses, which in themselves contain no basis for projection; it must 
be truly capable of ensuring the “‘object-in-image” character of sensation 
and perception. Central neurodynamics, however, do not include any such 
mechanism for “‘carrying back’’ or “‘projecting”’. Here the whole process 
of formation of the image is first ““cornered’’ in the centre, then, consequent 
upon this, a special mechanism is needed to project it back again, and 
this is in fact not there. So the problem automatically disappears, for an 
objectivised image cannot be deduced from cortical neurodynamics. 

From the essence of the Sechenov—Pavlov theory of reflexes, and from 
a large amount of experimental data (Bykov, Pshonik, Sokolov, Rozhd- 
estvenskaya, Anan’ev and others) it follows that the analyser works on 
the reflex principle. This appears especially clearly in touch, where the 
image is obviously formed on the basis of the reflex activity of the tactile 
analyser. In the latter the hand is receptor and effector, its work realising 
not only the actually “‘working”’, practical action, but the cognitive action 
also, in the process of handling the object. It is therefore impossible to 
end an analysis of the process of formation of the image with the cortical 
neurodynamics of excitation and inhibition. Like every reflex process, it 
must have its effector link going out once more to the periphery, to the 
stimulating agent. 

What, then, are the specific features of reflex effects formative of an 
image as against reflex effects which realise actions? 
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Limitation of the effects of reflexes taking place in the analyser (in any 
analyser in general, but in the given case in the tactile analyser) to motor, 
adaptational, tonic and other “active’’ components alone in fact closes 
the road to discovery of the mechanisms of formation of the objective 
image endowed with the property of, being an “‘object’’. For in themselves 
these motor, tonic and other active components of the effects of reflexes 
in the analyser do not contain any sources of objectivity. Nor is the “‘object”’ 
to be found in peripheral excitation or in the central neurodynamics of 
stimulation and inhibition. 

The basic mistake of principle in all the above-mentioned conceptions 
is a mechanistic understanding of the causal connection between the process 
taking place in the analyser and the object acting as the excitant. The 
object-excitant 1s seen only as an external cause, a trigger mechanism 
setting off a purely internal process within the analyser. In the receptor 
theory it starts the peripheral-receptor process, in the opposing “central” 
theory it starts the internal central neurodynamic process, and in the 
variant of the reflex theory which we have considered, the one which 
limits the effect of the reflex to “‘active’’ components, what is started 1s 
again a purely internal effector process divorced from the object itself. 

The object-excitant is in all cases only a cause, and the process in the 
analyser only an effect. The actual state of continuous interaction of the 
periphery of the analyser with the object-excitant, a two-sided state (in 
which the object is not only cause, but participant, the sub-stratum of any 
image, including the tactile image)—this is lost entirely from view. 

This divorce from the thing which is the object of the image precludes 
discovery of the nature of sensations and perceptions in their capacity 
of objective images, and at the same time gives no possibility of posing 
correctly the problem of projection as the basic specific property of the 
objective image in general, or the tactile image in particular. 

The experimental material of the series of investigations made by us 
shows that a comparatively adequate image can be formed under con- 
ditions of passive touch, when the active, actually motor components of 
the effects of reflexes of the tactile analyser are quite absent. 

Here we observe movement of the object with all parts of its contour, 
In sequence, across the skin surface of the finger, and preservation of 
continuity of this state of changing interaction between the skin surface 
and the object. There is therefore included in the tactile image not only 
the reflection of the object and of its qualities (hardness, resilience, etc.), 
but also the reflection of the section of skin which the object touches, 
and the reflection, too, of the actual process of touching, pressing and rub- 
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bing. Meanwhile, during the maintained two-sided state of interaction be- 
tween the skin and the object-excitant, switching-over of the time-motor 
and spatial components of the reflection takes place. If the facets of a three- 
dimensional object, which are separated by the third dimension, are drawn 
in sequence across the surface of the skin, the time-motor components 
which in sequence take in the various, spatially separated facets of the 
object, are switched over to the simultaneous-spatial schema. Then the 
integrated spatial tactile image includes, besides the facet which is at the 
given moment in contact with the skin surface, the reflection of the oppo- 
site facet that is separated from the first-mentioned by the third dimension. 
Here we already have elements not of contact projection alone, but of 
true distance projection as well. 

The state which is maintained during this formation process, of direct 
interaction of the analyser with the excitant, goes beyond the bounds 
of the excitation process, since here we observe a centrally-mediated ana- 
lytic-synthetic process of maintenance of the continuity of the state realising 
the excitiation, and, furthermore, a corresponding re-arrangement of its 
space-time components. This state, of course, also goes beyond the bounds 
of central neurodynamics, since it, though being centrally-mediated, is 
also a maintained peripheric state of interaction with the object. What is 
present here, it would seem, is a reflex effect of the maintenance, repro- 
duction and space-time synthesis of the state of interaction of the analyser 
and the object. This specific maintained state of interaction with the object 
is the direct basis of the objective tactile image. The mutual switching 
over of its time-motor compenents to the spatially-integrated state opens 
up the way to solution of the problem of projection. 

The effect of reflexes of the tactile analyser thus includes, besides 
““active’’ components, “‘passive’” or truly pictorial ones, which are the 
direct “imprint” of the object in question. Their nature cannot be dis- 
covered if they are divorced from the state of direct interaction of the 
object with the analyser. 

When the process of taking in the whole contour of the object is ac- 
complished on the basis not of movement of the object itself, but of active 
handling, the time-motor components of the state of interaction with the 
object are founded in the active, true motor components of reflexes of 
the tactile analyser. But in this case also, as experiments show, the time- 
motor components of the image are switched over to the simultaneous- 
spatial components. Trajectory as a vector characteristic of movement 
passes into contour as a scalar characteristic of the object. The motor com- 
ponents of the image are comparatively suppressed (as will be shown 
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below, this rearrangement has a direct relation to the regulation of action). 
But even in this case one observes the reflex effect of the maintenance 
and appropriate spatial rearrangement of the state of interaction between 
the analyser and the excitant. 

The objective image, being a signalling, regulating component of the 
reflex which realises the final, ‘‘practical’? achievement of equilibrium with 
the external object, is at the same time a product, an effect of the reflex 
taking place in the analyser. 

If sensation and perception represent a reflex effect, then the objective 
image and objective action are different concrete manifestations of the 
common reflex principle of the working of the nervous system. This com- 
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Exploratory movements Drawing 
were made from point A proceeded from pointB 
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munity of mechanisms of formation makes it possible to approach the 
problem of the signalling, regulating influence of the image upon action 
as a particular and highly specific case of the general problem of inter- 
action between different reflex effects. This is to pose the problem which 
in the course of our investigation actually brought us to look at the question 
of projection, and which is organically linked with the latter. 

Taking this reading of the problem as our starting point, we carried 
out a special series of experiments for the comparative analysis of, and 
determination of the relation between, the reflex effects which realise 
perception and final action. In the given case this involved the action 
of drawing in outline the object perceived. With this aim a number of 
simple methodological devices were employed to vary the movements of 
the hand in the process of perception and action. 
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1. The movement of the hand along the contour of the figure during 
the process of perception was made from any one point of the contour, 
but the subject was required to start his drawing from another point (Fig. 2). 

2. The exploratory movements from the given point of the contour 
were made in one direction, but the movements of the drawing process 
in the opposite direction (Fig. 3). 

3. A change was made in orientation in plane for the representation 
as compared to the position of the object during the perception process, 
i.e. the subject was required to depict the figure as it would be if turned 
through 90 deg. 


Exploratory movements Drawing 
were made from point C proceeded from point C 
in direction of arrow in Opposite direction 


FIG. 3. 


4. A combined method, in which the movements for perception remain 
the same, but variations are made in the movements for depiction—taking 
a different point of departure, a different direction of movement along 
the contour, and a different position of the contour in plane. 

5. For tracing the relationship between the handling process and that 
of depiction when the movements of the hand were free, unrestricted by 
instructions, special ciné-filming of the two processes was employed, under 
conditions making possible subsequent comparative frame-by-frame an- 
alysis on a special projection apparatus (in the ciné-laboratory of Lenin- 
grad University) (Fig. 4, a and b). 

The materials from these experiments show that the movements which 
realise the objective action of depicting the figure differ qualitatively in 
their whole structure from the movements made in the process of tactile 
perception. The former movements may be made from another point 
than the latter, in another direction, from another position in the plane. 
They admit of the pencil leaving the paper entirely, of breaking off to 
put in other parts of the contour, then coming back to what was done 
before. All this shows that regulation of the action is not realised on the 
principle of transference of true motor effects of a reflex alone, and that 
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the transference is of a much more complex character. The structure and 
nature of these objective movements can be understood only if one starts 
from the fact that they are regulated by an integrated objective image 
of the object being depicted. 

As has been indicated above, in the process of formation of the image 
time-motor components of the image pass over into simultaneous-spatial 
ones. The trajectory of a movement as its vector characteristic passes into 
the contour of the object. Since the one contour of an object “contains” 
the most varied trajectories, on the basis of this switching of time-motor 
components to simultaneous-spatial ones movements which differ com- 





FIG. 4 [a] [b). 


pletely in point of departure, direction and speed can all give an image 
of one and the same contour, and with it of one particular object. The 
data of the experiment show that in the process of regulation of action 
by the image a reverse phenomenon to the above is observed. With un- 
varying handling movements, the movements realising the drawing can 
vary in different respects: in point of departure, direction and speed for 
example. While in the process of formation of the image time-motor com- 
ponents pass into spatial components, different trajectories giving the same 
contour, in the process of regulation of action by the image there takes 
place an unfolding of simultaneous-spatial components of the reflection 
into time-motor components. Contour is unfolded as trajectory. And one 
and the same contour can unfold into a whole series of different trajec- 
tories, which are as it were contained within it in hidden form. 

Such a reversible interaction between spatial and time-motor com- 
ponents of the reflection would seem to provide the basis of the regulating 
influence of the object’s image upon the corresponding objective action. 
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It may be supposed that this variable unfolding of the spatial components 
of an image into time-motor components is one of the major factors in the 
transference of reflex effects which realises the regulation of action by the 
objective image. Such a character in this transference enables us to under- 
stand the thesis advanced by Sechenov to the effect that integrated objective 
images possessing the property of projection, or images ‘‘which we attach 
to external objects’, ‘‘are capable of evoking, not a mechanically-un- 
varying reaction, but whole series of similar reactions” (First lecture in 
Moscow University). 

Thus the transitions back and forth of spatial and time-motor com- 
ponents of the reflection in the process of reflex activity of the tactile an- 
alyser enable us to approach the problem of the “objective nature’ or 
projection of the image as a major factor in its objective content. At the 
same time they give us the possibility of analysing the mechanisms of 
the signalling function of the image as a special single case of the general 
principle of transference of reflex effects. 


Such is the organic unity of the two aspects of the problem of the 
image pointed out by Sechenov—its objective content and its “relation 
to the working organs’’, i.e. its signalling, regulating function. 

The fact that dermal sensations are a primary form of objective reflec- 
tion presents us with a hopeful prospect of extending the regular features 
already analysed in these phenomena to cover other forms of sensation 
and perception. This fact also sets us the task of executing such a com- 
parative analysis and generalisation. 

Translated by RUTH KISCH 
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DISCRIMINATIVE SENSITIVITY AND SENSORY 
MEMORY * 


(MATERIAL INVOLVING DISCRIMINATION 
AND RECOGNITION OF PITCH OF SOUNDS) 


B. M. TEPLOV and M. N. BORISOVA 
Institute of Psychology, Academy of Paedagogical Sciences, of the R.S.F.S.R., Moscow 


DISCRIMINATIVE sensitivity may be measured in terms of a threshold of 
discrimination, which is determined on the basis of comparison of two 
stimuli differing from one another in one particular property; what is to 
be discovered is the smallest objective difference between stimuli which 
gives a barely discernible difference between sensations f. The study of 
discriminatory sensitivity is one of the most important questions in the 
physiology of the sensory organs and in the psychology of sensation. 

In the physiology of higher nervous activity the main method of studying 
the work of the analysers is the elaboration of differentiations, the typical 
or “classical” case of differentiation being considered the “‘negative”’ or 
“inhibitory” differentiation, as a result of formation of which one stimulus 
evokes a conditioned reflex, whereas another stimulus more or less closely 
related to it does not evoke the conditioned reflex (since it is consistently 
presented without reinforcement). 

The view is widely held that discriminatory sensitivity is to be iden- 
tified with differentiation (see for instance the textbooks of B. M. Teplov 
(27; 38] and A. V. Zaporozhets [11; 47], a work of A. Breitburg published 
in 1954 [8; 131], and a number of other sources). 


* Voprosy psikhologii, No. 1, pp. 61-77, 1957. 

T Strictly speaking, under ordinary experimental conditions judgment is made not 
of difference between sensations, but of difference between stimuli. For instance, two 
sounds are presented which differ in frequency. The subject is answering not the question 
of what his sensations are, but of whether the second sound is higher or lower than the 
first, or the same. But judgment of difference between stimuli is of course only possible 
to the extent to which the difference is reflected in sensation. It may therefore be said 
that although the matter dealt with by the subject in his judgment is the difference between 
stimuli, the matter dealt with by the investigation is the difference between sensations. 


[141] 
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Such an identification, however, cannot be considered correct. In 
determining thresholds of discrimination two comparable stimuli are pre- 
sented either simultaneously (as 1s most often the practice in the field of 
visual sensations) or following one upon the other after a very short in- 
terval (as is usually done in the case of acoustic sensation). Here, then, 
a comparison takes place {see Anan’ev, 3; 9], which is a reaction to a re- 
lationship between the two stimuli, and this relationship is furthermore 
being directly perceived. 

In the elaboration of differentiations each of the stimuli is presented 
in isolation, and the time interval between them is usually considerable 
(we have in mind the classic experiments with dogs using the salivation 
technique). In the “‘standard”’ experiments (both the “full” and the ‘“‘small”’ 
ones) for determining the type of higher nervous activity of dogs differ- 
entiation is elaborated on the following pattern: bell, light, tone+, 
noise, tone—bell. The intervals between the stimuli are 5 min long. 
In consequence, the differentiated tones are separated one from the other 
by a 10 min interval, during which the “noise” stimulus is presented 
[15; 80-81; and 13; 741-742]. 

In psychological terms, in the elaboration of a differentiation what is 
required is recognition of the given stimulus without the possibility of 
comparing it directly with the one from which it is to be differentiated. 
Differentiation assumes recognition without direct comparison, It is con- 
cerned with a function of the same kind as comes into play in so-called 
“absolute pitch’’.* 

The qualitative difference between the two functions under comparison 
lies primarily in the fact that in differentiation reactions take place to each 
of the differentiated stimuli separately (each of these stimuli may itself be 
either simple or complex), whereas in comparison the two compared stimuli 
form one complex stimulus, and the reaction (usually a verbal one) is a re- 
action to the relationship of stimuli within this complex. 

Another essential difference lies in the fact that in differentiation not 
only the act of distinguishing is required, but also “the stable retention 
of this act of distinguishing” [the works of I. P. Pavlov; 22; vol. III, book 1, 
122], whereas in the comparison of similar stimuli the difference is directly 
perceived (or not) and there would seem to be no need to “retain’’ it. 
In other words, the distinguishing of simple stimuli by means of comparison 
depends mainly upon sensory function (the function of sensitivity) whereas 


* “Absolute pitch” is the term used to describe the ability to recognise or reproduce 
the pitch of separate sounds without comparing them with others whose pitch is known 
(26; 120). 
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differentiation means recognition, i.e. depends also upon the function of 
memory (the mnemonic function).* This general thesis will be developed 
in rather more precise detail below. In any case, it makes quite clear the 
fact that distinguishing through comparison is an easier task for a human 
being than “absolute” recognition of sensory qualities. 

There is a view which has become quite widely held in recent times, 
to the effect that investigation of the work of the analysers in man— in- 
vestigation based upon the study of sensations—does not measure up to 
the requirements of an objective method and is incompatible with the 
teachings of I. P. Pavlov. It is therefore assumed that investigation of the 
distinguishing capacity of the analysers must be made, not by means of 
the usual definition of thresholds of distinction, but exclusively by the 
elaboration of differentiations. As will be clear from the foregoing, the 
investigation of differentiations cannot replace investigation of differ- 
entiatory sensitivity by means of defining thresholds, since the two pro- 
cesses are essentially different. It is unreasonable, to say the least, to ap- 
proach the study of sensory function only via the memory function. 

It is supposed, however, that the view mentioned above is based upon 
actual utterances by I. P. Pavlov, mainly upon what Pavlov says at the 
beginning of the seventh lecture on the work of the large hemispheres. 
Let us consider this passage (although this has already been done fairly 
exhaustively by P. O. Makarov; 17; 10 et seq.). 

“In modern physiology” writes Pavlov, “the study of the analysers’ 
activity forms a very important section of what 1s known as the physiology 
of the sensory organs. This section is of immense interest and is significant 
in the highest degree, partly it may be because it has had the honour of 
attracting the attention of some of the greatest physiologists, with Helm- 
holtz the genius at their head. Within this sector of knowledge sound 
foundations have been laid for the theory of the activity both of the perip- 
heric constructions of the analysers and of their termini in the brain; 
many limits to the work of the analysers (in man) have been indicated; 
some complicated cases of their work have been elucidated, and many 
particular rules relating to it have been established. But all this vast material, 
subjective material for the most part, is built up on our sensations, those 
very simple subjective signals indicating the objective relationships of the 
organism with the external world. And this is a considerable shortcoming 
in this sector. From it is thus excluded all that must be won for physiology 


* We use the term “function” in a similar sense to that given to it by S. L. Rubin- 
shtein in the latest edition of Osnovy obshchei psikhologii (Bases of general psychology); 
24; 178-179. 


144 B. M. TEPLOV and M. N. BORISOVA 


through the study of the variety and development of the analysers’ activ- 
ity in the animal kingdom” [22; vol. IV; 123]. 

What follows from this formulation by Pavlov? 

Firstly, that the one and only shortcoming noted by Pavlov as belonging 
to the ordinary physiology of the sensory organs, that based upon the 
study of our sensations, is that study of the work of the analysers in ani- 
mals is not attainable by its methods. 

Secondly, that it is (in relation to man) “significant to the highest 
degree’ and “of immense interest’”—not that it is false in principle or 
subjective and idealistic in method, as some physiologists and even some 
psychologists think. 

Thirdly, that it has “laid the foundations of the theory of the activity” 
not only of the receptors, but of the analysers’ “‘termini in the brain” 
also; this does not accord with the idea, often repeated these days, that 
Helmholtz and other representatives of the “‘physiology of the sensory 
organs “‘never rose above’’ the study of the receptors, i.e. of the periph- 
eric termini of the analysers. 

And, most important of all, it can in no way follow from Pavlov’s 
words that in studying the analysers in man one should henceforward 
renounce the use of material based on sensation. This point has been 
well argued by P. O. Makarov, who quite correctly asserted that “‘this 
brilliant naturalist and materialist had not the least intention of denying 
to physiology the right to study sensations in man” {17; 11]. It would 
surely be quite absurd for psychologists to renounce a particular method 
of studying the work of the analysers, on the grounds that the method 
is based on sensations, ‘“‘those very simple subjective signals indicating 
the objective relationships of the organism with the external world”’! 

The technique of defining thresholds of distinction, then, remains the 
most direct method of studying the distinguishing capacity of the ana- 
lysers in man. 

So far as animals are concerned, Pavlov once put the following ques- 
tion—‘‘How is it possible to study objectively, from visible reactions, the 
work of the analysers in animals?” 

In Pavlov’s opinion, this may be done in two ways. The first way, 
the most direct, is based on “‘the orienting reaction, the investigatory 
reflex’. “It, this reflex, can first of all serve to establish to what degree 
the given animal’s nervous system can distinguish one thing from another. 
If, let us suppose, there is in the normal environment, among other things, 
a particular sound-tone, then even a small alteration in its pitch should 
evoke and does evoke an orienting reaction, i.e. a particular set of the 
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aural apparatus by the animal in relation to the sound’’. But, Pavlov 
points out, the orientating reflex is not suitable for use as a constant tech- 
nique for study of the activity of an analyser, owing to the fact that in 
response to weak stimuli it is “‘very transitory” and, which is especially 
important, 1s extinguished when the stimulus is repeated [22; vol. IV, 124]. 
For this reason Pavlov introduced as a regular practice in investigations 
the second means—differentiation between stimuli by means of condi- 
tioned reflexes. The immense and multiple significance of this remarkable 
discovery of Pavlov’s requires no more proof today. It should not be 
forgotten, however, that Pavlov himself stressed repeatedly that the ela- 
boration of a differentiation requires something more of the nervous 
system than simple ‘“‘distinction” between the differentiated agents, and 
that there is therefore ‘‘an essential difference between the establishment 
by the nervous system of a difference between external agents in general, 
and differentiation between those agents by means of conditioned reflexes” 
[22; vol. IV; 142]. See also the stenogram recording the ‘“‘ Wednesday” 
of November 21, 1934 [23; vol. IT, 547-548]. 

The “‘more’” that is required in the elaboration of a differentiation, 
as compared with the simple establishment by the nervous system of 
a difference between stimuli, was seen by Pavlov to start with as lying 
only in a special inhibitory process (differentiatory inhibition). Later, in 
connection with study of the differentiation not only of positive agents 
from inhibitory agents, but of different positive agents linked with dif- 
ferent conditioned reflexes, Pavlov began to attribute very great signifi- 
cance in differentiation to the concentration of the stimulatory and in- 
hibitory processes (22; vol. III, book 2, 202) and (23, vol. IIT, 402-404)... The 
consideration of this question, a most important one for the theory of diffe- 
rentiation, is outside the scope of this paper. It suffices for us to note here that 
for I. P. Pavlov differentiation is something more than simple distinction. 

In the present paper we compare the technique of definition of thres- 
holds of distinction with that of elaboration of differentiations, for the 
purpose of study of the activity of the analysers in man. We will confine 
ourselves to the consideration of distinction between and recognition 
(differentiation) of the pitch of sounds. 


EXPERIMENTAL MATERIAL 
PRECISION OF SOUND PITCH DISCRIMINATION IN DOGS 
G. P. Zelyony in 1906 demonstrated that one particular dog could 
differentiate between sounds at an interval of 50 hundredths (a quarter- 
tone), the pitch of the sound being 1740 c/s (12). M. E. Elyason in 1908 
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advanced the following general thesis: “Sounds differing from one another 
by half a tone act upon the auditory analyser of the dog as different stim- 
uli” (34). He was thus concerned with differentiation of sounds at an 
interval of 100 hundredths. V. V. Belyakov (1911) elaborated in one par- 
ticular dog differentiation of sounds at an interval of 25 hundredths (one- 
eighth of a tone), the pitch being 800 c/s (6). B. P. Babkin obtained in 
two dogs differentiation of sounds at an interval of 106 hundredths (a little 
over a semitone), pitch being in the region of 900-1000 c/s (5). G. V. Anrep 
(1920) elaborated in four dogs differentiation between sounds at 637-5 
and 680 c/s; the interval here is 110 hundredths (quoted following F. P. 
Mayorovy, 16, 123). L. A. Andreyev obtained with two dogs differentiation 
of sounds at a very high frequency (20,000 c/s), at intervals of about 100 
hundredths (4). 

The above-mentioned authors were dealing with differentiation of rein- 
forced and unreinforced sounds (negative differentiation). B. V. Rikman 
(unpublished data discussed at Pavlov’s “‘Wednesdays” in 1932) formed 
in one dog a conditioned food reflex to a sound at 600 c/s and a condi- 
tioned defensive reflex to a sound at 596 c/s (23, vol. 1, 191-192 and 204— 
205). A “‘positive” differentiation had thus been formed (a differentiation 
between stimuli producing two different reflexes) for an interval of 1! 
hundredths or one-eighteenth of a tone. M. M. Khanashvili (of P. S. 
Kupalov’s laboratory) elaborated in 1953 a differentiation between two 
sounds, one of which was reinforced with dog meal and the other with 
milk-and-water (again a “positive” differentiation). The “basic”? sound 
was at 800 c/s. In the case of one dog differentiation was successfully elabora- 
ted for an interval of 87 hundredths, in that of asecond dog the interval 
was 65 hundredths, and in that of a third dog it was 54 hundredths (32, 33). 

If one leaves out of account the unpublished and quite exceptional 
data of Rikman (where the precision of differentiation is to 11 hundredths), 
also Belyakov’s results, which are unique of their kind (precision of differ- 
entiation being here to 25 hundredths), one may conclude that with many 
dogs, and under widely varying conditions, it is possible to elaborate 
differentiation between sounds with an interval of 50-100 hundredths, or 
from one quarter to one-half of a tone. 


PITCH DISCRIMINATION AND RECOGNITION IN MAN 
The threshold of pitch discrimination has been measured by many 
workers, using different techniques. 
B. M. Teplov in 1940 came to the following conclusion, after making 
a survey including data available in the literature and the results of his 
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own experiments: “For the majority of people the figures for pitch dis- 
crimination thresholds in the middle octaves are approximately in the 
region of from 6 to 40 hundredths. In particular cases exceptionally high 
sensitivity is observed, characterised by thresholds of from 1 to 3 hun- 
dredths. In cases of exceptionally low sensitivity the thresholds may be 
as high as 200 hundredths or more”’ [25, 133]. These exceptionally high 
thresholds, however, would seem to be always susceptible of improvement 
by means of special exercises (ibid., 135 and 139-144). There are no grounds 
for altering this conclusion in any essential way today. 

A recently published paper by R. V. Avakyan, giving details of work 
done in the laboratory of G. V. Gershuni (1), quotes results which fully 
confirm the conclusion given above. The author obtained for one subject 
the following figures for pitch discrimination thresholds: pitch 200 c/s— 
pitch discrimination threshold 26 hundredths; pitch 500 c/s—threshold 
14 hundredths; pitch 1000 c/s—threshold 9 hundredths; pitch 2000 c/s— 
threshold 9 hundredths; pitch 4000 c/s—threshold 54 hundredths. The 
last figure is outside the limits quoted above, but it relates to a sound 
which is likewise outside the limits of the middle octaves of the musical 
diapason. What is worthy of special note is that Avakyan measured the 
thresholds not only in terms of the verbal account given by the subject 
(as is usually done), but also using conditioned nictatory reflexes (one 
sound was reinforced by a jet of air directed upon the cornea, the other 
was not reinforced). The thresholds obtained by the two methods were 
identical. It should be stressed that what Avakyan measured, by the nic- 
tatory reflex technique as well as the other method, was the threshold 
of discrimination, not precision of absolute recognition, which is to be 
described as differentiation. Judging by an oscillogram given in this paper, 
the interval of time between the presentation of a sound at 1000 c/s, which 
evoked a nictatory reflex, and the presentation of a sound at 995 c/s, which 
did not, was 3:5 seconds—an interval typical for measurement of dis- 
crimination thresholds (since it favours comparison of sounds). 

On the question of precision of absolute recognition of pitch in man 
(precision of pitch differentiations), there are very few experimental works 
to be found. One must first of all refer to the literature on absolute pitch. 

It is known that absolute hearing, i.e. the ability to recognise and 
reproduce the pitch of a sound without recourse to comparison, is a gift 
possessed by few human beings. In order to make sense of this fact (in 
itself incontrovertible) in the context of the problem at present concern- 
ing us, the following two circumstances must be taken into consti- 
deration. 
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1. Absolute pitch—in the meaning in which the term ts used in musical 
practice—presupposes the recognition (without comparison) of the pitch 
of all degrees of the musical scale, not of two, three or four sounds only, 
the demand usually made in the elaboration of differentiations. Absolute 
pitch therefore makes much higher demands than does ordinary differ- 
entiation!. What is more, it seems probable that this is not simply a matter 
of elaborating a great many differentiations; “systematic perception” of 
the musical pitch sequence plays an undoubted but as yet uninvestigated 
part in the elaboration of absolute hearing. 

2. Musical practice “demands”’ of absolute pitch the recognition of 
sounds at an interval of a semitone (100 hundredths) from one another. 
Absolute hearing as a “musical ability” is cultivated in the form of the 
ability to recognise in the pitch sequence ‘“‘zones” of a given width, not 
separate “points” in the sequence. This circumstance is of great importance 
and provides the basis for the theory advanced by N. A. Garbuzov on 
the ‘‘zonal nature’? of musical hearing. 

In the majority of works devoted to absolute hearing the “precision” 
of the latter is measured in terms of the percentage of correct replies given 
when the subject is required to recognise the sounds in a musical sequence 
(or in plain words, the notes of a piano); these sounds, let me repeat, 
being at an interval of 100 hundredths from one another?. This index shows 
100 per cent correct replies only in rare cases. 

There are some data obtained by Abragam and Garbuzov which show 
the precision of absolute hearing in some people with an outstanding 
degree of this ability. Abragam assessed the precision of his own absolute 
pitch at 16 hundredths (whereas his pitch discrimination threshold was 
2 hundredths), and that of the pianist Raif at 32 hundredths. N. A. Garb- 
uzov once made a communication on precision of absolute hearing in 


1 Differences in pitch of sounds will be expressed in hundredths of a semitone. A semi- 
tone will thus equal 100 hundredths, a tone —200, a minor third—300, and an octave - - 
1200. 

(Translator’s note: the unit of measurement used in Russian is called a “‘cent’’; There 
appears to be no equivalent English term for this, so the term. Hundredth has been re- 
tained although a hundredth of a half is rather confusing). 

2 For this reason one cannot agree with the following assertion by Ya. P. Frolov: 
‘It transpired that the vast majority of dogs possess what is known as absolute pitch, 
le. are capable of reacting adequately to any sound which we made active or inactive, 
and of so reacting, and this without previous comparison with other sounds, contrary 
to what is found with most human beings” [31, 123]. It is unlikely that anyone has 
ever seen a dog with genuine absolute pitch, i.e. capable of reacting differently to all 
the degrees of the musical scale. 
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certain musicians, which gave figures of from 32 to 80 hundredths [cf. 25, 
124-125]. At a later period Garbuzov described experiments performed 
with three musicians specially chosen for the excellence of their absolute 
hearing; in experiments involving the reproduction of a given pitch of 
sound they exhibited “‘zones of non-discrimination” (or zones of generali- 
sation) equal to 42, 48 and 132 hundredths [10]. It is clear that the preciston 
of absolute hearing, even in the case of persons possessing this ability, 
is of another order than the precision of pitch discrimination. 

One should not, however, lose sight of another aspect of this matter, 
which is that every human being can recognise the pitch of a sound with 
some minimal degree of precision. It would be difficult to find a man 
who could not recognise the pitch of a bass voice and confused it with 
that of a coloratura soprano. 

In some early works in Ivanov-Smolenskii’s laboratory pitch differ- 
entiation of a minor third (300 hundredths) was used. These experiments 
were made with normal children, not selected in any way for their “‘good 
ear’. Judging by the results of these, such a differentiation was within 
the capabilities of the majority of children (though not of all) [14, 20, 
21, 30}. - 

Recently a number of works have been published which were carried 
out in the Institute of Higher Nervous Activity (USSR Academy of Scien- 
ces), and devoted to the elaboration of fine differentiations in human 
beings. These include a number of works by V. G. Samsonova, and one 
by L. I]. Mkrtycheva published in the first volume of the Works of the 
above-named Institute. These works, however, deal with visual differ- 
entiations. A work by N. Y. Alekseyenko [2] published somewhat earlier, 
and coming from the same Institute, is concerned with pitch differentia- 
tions. Formally speaking, the author was elaborating differentiations, not 
measuring discrimination thresholds. But the time intervals between the 
stimuli were very short—10 seconds. This is rather more than the intervals 
most suitable for comparison of sounds and usually employed in threshold 
measurement, but it is too short to entitle one to speak of absolute recogni- 
tion of pitch, recognition without comparison. The results of Aleksey- 
enko’s experiments show that all his subjects (there were 5 of them) suc- 
ceeded in attaining stable differentiation of sounds at 500 and 520 c/s 
(an interval of 70 hundredths), whereas differentiation of sounds at 500 
and 510 c/s (an interval of 35 hundredths) proved unstable in every case. 
For the reason mentioned above it is difficult to place any definite inter- 
pretation upon these results. They should most probably be looked on as 
results of measurement of pitch discrimination thresholds under conditions 
making comparison difficult. 
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In our experiments the aim was to compare the elaboration of pitch 
differentiations and the measurement of pitch discrimination thresholds 
in the same subjects. 

The experiments were made with 7 adult subjects, members of the 
staff of the Institute of Psychology. Sounds were presented through a dy- 
namic loudspeaker from a ZG-10 sound generator, and differed only in 
frequency, loudness and timbre remaining the same for all the experiments. 
Pitch differentiations were elaborated first, then pitch discrimination 
thresholds measured. 

A peculiarity of our technique was that we elaborated simultaneously 
differentiation of three, not two, stimuli. We are quite conscious of the 
fact that this makes the task somewhat more complex than it is when 
the usual technique is followed. We chose to introduce this complication 
for the following reason. When there are only two stimuli to be differen- 
tiated the subject’s judgment may depend too markedly on chance. At 
the same time, the elaboration of a differentiation makes it impossible 
to present stimuli to the subject sufficiently frequently (or else there will 
be comparison, not “‘absolute recognition’). It is therefore desirable to 
find a method enabling one to consider even a small number of judgments 
of one and the same stimulus as yielding statistically trustworthy results. 
It was with this in mind that we increased the number of stimuli to be 
differentiated at the same time to three. It should be added that we were 
also thinking in terms of making a closer approach to the conditions 
of any practical activity; such activity hardly ever requires of a man the 
ability to differentiate (“recognise’’) two degrees only of any quality. It 
would even be difficult to name any case of elaboration of differentiations 
in ordinary life when the course of such elaboration starts with discrim- 
ination between two degrees only. 

In the first experiment three sounds were presented to the subject, 
and the experimenter described each of them verbally as either “‘upper’’, 
“middle” or “lower’’. In all the succeeding experiments three sounds were 
first presented, with a two-minute pause between them (these pauses were 
normally occupied by conversation between subject and experimenter). 
The subject was required to describe each sound as either “upper’’, ‘‘middle”’ 
or “‘lower’. The three sounds were not always all different; sometimes the 
experimenter would present the same sound twice, so that one of the three 
would be missing from that particular experiment. Without this precaution 
the third “‘recognition” would be without meaning; if the subject knew 
that all three sounds would always be given in each experiment, after 
assessing the first two as, say, “upper” and “lower”, he would be able 
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to answer “‘middle” automatically to the third. Our practice meant that 
the subject had to make all three “‘recognitions’’ while completely unaware 
of what the sound coming next would be. The sounds were presented 
each for 5 seconds, in varying order. After the three “‘recognitions” the 
experimenter would tell the subject the result, e.g. ““You recognised all 
three sounds correctly’, or “you were right in assessing the first sound 
as the “‘lower’, but the second sound was the upper one, and you said 
it was “‘middle’’, while you called the third one “lower” and it was in 
fact the middle one’’, etc. Then the subject was allowed to hear all three 
sounds again each preceded by the experimenter’s verbal description. 
This concluded the experiment. Such experiments were made with each 
subject three times a day, as a rule. The intervals between experiments 
were not less than two hours. 

All possible steps were thus taken to ensure that the subjects were 
always presented with the task of recognising pitch without comparison, 
as is done in strict tests for absolute hearing, and in experiments with 
animals for elaboration of differentiation. One might wonder whether 
perhaps it is only the first recognition in each experiment that fully meets 
these requirements, since the two succeeding recognitions are only separated 
from it or one another by two-minute pauses. We made a special check 
of the comparative accuracy of the first, second and third answers in each 
experiment, and this showed that there was no difference between them; 
the first answer was no more difficult than the other two. Evidently a two- 
minute pause, which was in most cases occupied by remarks exchanged 
by subject and experimenter, was quite sufficient to exclude the possibility 
of direct comparison. 

With all the subjects the experiments began with the elaboration of 
differentiation between three sounds—at 390, 435 and 490 c/s respectively. 
The interval between the neighbouring sounds is here equal to 200 hun- 
dredths, or 1 tone. Our criterion for the satisfactory elaboration of the 
differentiation was faultless recognition of all three sounds in 6 experiments 
running (i.e. 18 successive answers without mistakes). This is, of course, 
a very strict criterion. We considered, however, that only such a strict 
criterion entitles one to speak of a properly elaborated differentiation 
having practical value. 

With five out of the seven subjects it proved possible (after a varying 
number of experiments) to elaborate this differentiation for an interval 
of 200 hundredths. With these we then went on to the elaboration of 
a finer differentiation. The middle sound (435 c/s) remained the same, 
but the other two were gradually made closer to this. With the other two 
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subjects we had to “retreat’’, 1.e. to change to more obvious differentia- 
tions, and only after these were satisfactorily elaborated go back to finer 
ones. Such “retreats” had sometimes to be made in the case of the first 
five subjects too, in passing subsequently to finer differentiations. We 
judged when a “retreat” was called for not so much by the number of 
experiments which passed without our criterion being attained (I repeat 
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I | 60 | 138 
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3 80 | 154 
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6 | 200 | 112 

7 | 500 | 134 


that it was a very severe one) as by absence of any noticeable progress 
(i.e. absence of any approach to a less strict standard). The course of the 
experiments with all seven subjects is shown in Table 1, and the final 
results in Table 2. 

After the completion of the experiments just described we measured 
pitch discrimination thresholds for the same subjects. 
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Here also the sounds were transmitted from a sound generator: in 
timbre and intensity they did not differ in any way from those used in 
the differentiation experiments. The subject was presented with two sounds, 
the pause between lasting 1-5-2 seconds. He then had to say whether the 
second sound had been higher or lower than the first, or the same. The 
first sound was always at 430 c/s. The pitch intervals given were mixed 
up without any sort of order—large, small, rising or falling, quite un- 
systematically. The figure for the pitch discrimination threshold we took 
as that interval for which the subject a/ways gave the correct answer. 
The figure commonly taken is that which gives 75 per cent (sometimes 
even 50 per cent correct answers. We took a different criterion in order 
to make our results comparable with those on elaboration of differentia- 
tions, where we considered the differentiation fully elaborated only when 
the answers were constantly correct. Two experiments in threshold meas- 
urement were made with each subject; during each experiment 30-SO pairs 
of sounds were presented (the number varying according to the results 
obtained). The threshold figure given in Table 3 is an average of the results 
of the two experiments. Separate measurements were made of “rising 
interval threshold” (second sound higher than first) and “falling interval 
threshold” (second sound lower than first). 

With five out of these seven subjects some further experiments were 
made a month or two after the completion of those described above, the 
new experiments differing from the old only in the instructions given to 
the subjects. They now had to say only whether the two sounds were dif- 
ferent or the same, without going into the matter of “higher” or “‘lower’’. 
It has long been noted in the literature that when the task is set in these 
terms the discrimination threshold is less (see, for instance, Whipple [29, 
199] and Titchener [28, 215]. Titchener calls the object of measurement 
in such experiments “fan impression of difference without knowledge of 
the direction of the difference’. We will refer to the threshold measured 
in these terms as the “threshold of simple discrimination’, as opposed 
to the “threshold of differentiated discrimination” obtained when the 
subject is saying whether the second sound is higher or lower than the 
first. Table 3 shows figures for thresholds of both kinds (in hundredths) 
for our subjects. 

One very real technical difficulty in experiments of this pattern should 
be mentioned. Some subjects have a tendency never to admit that the sounds 
are the same, answering “‘different’’ even when the same sound is repeated; 
our subject No. 3 exhibited this tendency at the beginning of the experiments. 
Only after suitable explanations did her answers become normal in this 
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With a positive result (+-) the tests also include the last 6 tests, in which were obtained completely correct replies. 
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respect. This undesirable tendency may well arise from a subject’s natural 
desire to exhibit the greatest possible sensitivity in discrimination (for it 
is clear to any and every subject that what is being tested is his ability 
to distinguish sounds from one another), and in these particular experiments 
there is no “‘check”’ in the form of the need to say inwhat direction the 
difference lies. In order to combat this tendency, which can ruin all the 
results obtained, one must explain carefully at the very beginning to each 
subject that identical pairs of sounds will be given as well as differing 
ones, and that under test is his ability to distinguish differing pairs from 
identical pairs. After which care must be taken to see that identical pairs 
of sounds are in fact presented quite frequently. 

For four out of the five subjects (Nos. 3, 4, 6, and 7) the “‘threshold 
of simple discrimination” is much less than the “threshold of differen- 
tiated discrimination’’. Subject No. 5 is an exception, the two thresholds 
being almost identical. The reason for this is the fact that this subject 
was in fact acting upon the instructions for the previous series of exper- 
iments, i.e. was saying whether the second sound was higher or lower 
than the first. The experimenter’s exhortations to the effect that this was 
not necessary made no difference: the subject explained that in order to 
determine whether or not the two sounds were the same, he had to take 
into account in his own mind the direction or nature of the possible dif- 
ference. The most he could do was refrain (and that only for short periods) 
from actually saying aloud “higher” or “lower”; in fact he always made 
the comparison in those terms.* 

Especially striking is the low figure for the threshold of simple dis- 
crimination in the case of subject 7. Her threshold of simple discrimination 
—6 hundredths—is lower than the threshold of differentiated discrimina- 
tions of any of the subjects, including subject 1, who in general shows 
the best results in threshold measurements and differentiations—this subject 
had received and was still receiving at the time of the experiments special- 
ised musical training, in singing. Yet at the same time subject 7 showed 
exceptionally poor results for “threshold of differentiated discrimination” 
(65 hundredths, i.e. a figure outside the limits of the “‘usual’’ for pitch 


* It should be noted that this subject had in the past devoted a lot of time to music 
and had much experience in working by ear, although he had had no special musical 
training. It is very possible that the simple judgment ‘‘the sounds are different’’, with 
no assessment of the nature of the difference, appeared to him unnatural and meaningless 
in the light of his musical experience. The deliberate formation of judgements more sim- 
plified than those to which a man has become firmly accustomed in the course of some 
practical activity, is clearly no easy thing. 


156 B. M. TEPLOV and M. N. BORISOVA 


discrimination) and for differentiations. In her case we could not achieve 
any differentiation finer than 23 tones (500 hundredths, a fourth). It is 
interesting that the threshold of differentiated discrimination in the case 
of subject 7 1s greater than the interval for differentiation (60 hundredths) 
of subject 1; but the threshold of simple discrimination for subject 7 is 
in the region usual for musicians playing stringed instruments (violin 
or ’cello), people having the highest possible sensitivity to pitch (of course 
in their case one is speaking of a threshold of differentiated discrimination). 

The results of our measurements of thresholds of simple discrimination 
raised the question of whether the latter may not reflect some function 
essentially different from that reflected in the threshold of differentiated 
discrimination. The next step was an attempt to reduce, by means of special 
“training”, the threshold of differentiated discrimination of certain sub- 
jects. For a number of reasons we were not able to carry out this work 
with all our previous subjects, but only with subjects 5,6 and 7. 

The “training”? experiments were made as follows. Two sounds were 
presented, as usual, and the subject required to say whether the second 
was higher or lower tnan the first. If the answer was correct the experimenter 
would at once tell the subject so. If it was incorrect, the experimenter 
would tell the subject what the correct answer should have been, and 
would let him hear the two sounds again straight away, now knowing 
what their real relation was to one another. Sometimes the subject would 
persist in his first opinion (this did not happen very often). If so, the ex- 
perimenter would give a demonstration of what “higher” or ‘“‘lower”’ 
meant, using pairs of sounds with a slightly more obvious difference. 
In these experiments the subject was also allowed, if in doubt, to hear 
a pair of sounds again. 

For subject 5 the threshold of differentiated discrimination had been 
on the average 18 hundredths. The first training experiment began with 
the presentation of sounds at 430 and 435 c/s (a difference of 16 hundredths). 
The subject replied that the sounds were “the same’’. The experimenter 
explained the real state of things, and let him hear this pair of sounds 
repeated several times. Then sounds at 430 and 426-5 c/s were given (a dif- 
ference of 14 hundredths). The answer was “the same’, and the same 
kind of work was repeated. Strictly speaking, this was the end of the ‘“‘train- 
ing’; the following 30 pairs of sounds produced correct answers in all 
cases without exception in which the rising interval was not less than 
4 hundredths (1 c/s) and the falling interval not less than 10 hundredths 
(2:5 c/s). The experimenter confined himself to “reinforcing” the answers 
given by saying “Correct”. Only where even finer distinctions were in- 
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volved was any “training”? work needed. Thus the very first training ex- 
periment reduced the threshold of differentiated discrimination for this 
subject from 18 to 7 (taking the average between 4 and 10) hundredths. 
The next experiment, carried out 4 days later, gave a threshold (for rising 
and falling intervals) of 6 hundredths. At this point the training of subject 
5 was brought to a close. The exceptionally rapid results obtained in this 
case are probably to be explained by his great experience of music, which 
was “brought to bear’ on the task of threshold measurement as soon 
as the experimenter gave the first “push” in that direction. 

Only one training experiment was carried through with subject 6, but 
this yielded definite results. This subject had never practised music at all. 
The training process—-similar to that described above, but more thorough— 
was for the most part concentrated around the subject’s first 5 answers. 
If we take the rest of the experiment, it gives a perfectly clear picture: the 
threshold (for rising and falling intervals) was 16 hundredths (4 c/s). Prior 
to the training session the threshold had been on the average 24:5 hun- 
dredths, the threshold for rising intervals being especially great—31 hun- 
dredths. After the training the subject’s judgements for both rising and 
falling intervals became equally accurate. 

With subject 7, who was of particular interest to us, 6 training ex- 
periments were made (over a period of just over three months). These 
experiments brought out with remarkable clarity this subject’s peculiarity : 
she could distinguish perfectly whether sounds were the same or not (her 
threshold of simple discrimination, let us recall, was 6 hundredths), but 
did not “know” (where comparatively small differences were concerned) 
which difference should be called “higher” and which “lower’’. This sub- 
ject is a scientific worker with a learned degree, loves music, and likes 
going to serious concerts, though she has never been an active musician 
herself. There can of course be no question of her not knowing, literally, 
what is meant by a high-pitched or low-pitched sound, in the way in which 
small children do not know what this means. She can say quite promptly 
and correctly which sound is higher or lower, when wide intervals (over 
a tone) are involved. But when the intervals are small (less than a semi- 
tone, roughly) judgment of pitch becomes extremely difficult to her, and 
her answers are often mere guesses. 

The first three training experiments not only failed to reduce this sub- 
ject’s threshold, they may even have made it greater. In the course the 
third experiment she made mistakes at times in distinguishing sounds at 
an interval of 100 hundredths (a semi-tone). It seemed as though in the 
search for some precise criterion, beyond her reach, for upward and down- 
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ward changes in pitch, she was losing even those approximate criteria 
she had previously gone by. No verbal descriptions of the sounds con- 
cerned were of any use, naturally enough. A peculiar conflict was set up 
between her accustomed (and as we know, very inaccurate) means of 
distinguishing between “higher” and “‘lower’’, and the new, more exact 
means required of her. For example, she would be presented with sounds 
at 435 and 390 c/s. The second sound is a whole tone lower than the first. 
But the subject says “It’s what you call “higher”, though I think the 
second sound is lower’’. 

Some positive results of the training appeared in a sudden leap forward 
in her progress during the fourth training experiment, when the subject 
did not give a single wrong answer in comparing sounds at an interval 
of 20 hundredths or more (in either direction). For this experiment the 
subject’s threshold of differentiated discrimination was 20 hundredths. 
After this, work with her had to relinquished for two and a half months. 
In the first experiment after this interruption the subject’s first two answers 
again showed complete inability to judge of the direction of pitch difference 
even between pairs of sounds where the difference was strongly marked; 
but analysis of the two pairs of sounds given yielded good results. In the 
further course of this experiment the threshold for rising intervals did not 
go higher than 60 hundredths, and that for falling intervals no higher 
than 40 hundredths, giving an average threshold of 50 hundredths. The 
next experiment showed further marked progress: both thresholds (for 
rising and falling intervals) were at 35 hundredths. 

The training experiments with all the three subjects who underwent 
these thus demonstrated the possibility of marked and speedy reduction of 
the threshold of differentiated discrimination, which is in confirmation of 
the data of Seashore (1935) [35], Teplov (1940) [25] and Wyatt (1945) [36]. 
Our materials, however, do not indicate the possibility of improving elab- 
oration of pitch differentiations within comparatively short periods 
of time. 


CONCLUSIONS 


On the basis of analysis of the facts given above, one can advance 
(though only hypothetically as yet) some general theses: 

1. The most simple form of experiment in the field of the phenomena 
connected with discrimination and differentiation in man, 1s the meas- 
urement of thresholds, the subject being given the task of determining 
whether or not there is any difference between stimuli (the “threshold 
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of simple discrimination’). The pitch discrimination thresholds obtained 
in such experiments lie for the majority of subjects within the limits of 
10 hundredths (subject No. 5 showed a threshold of 16 hundredths because 
he was in fact answering a different question). There is ground for sup- 
posing that in experiments of this kind we are dealing with an orienting 
reaction. The subject’s reactions are the response to a simple change of 
stimulus. Such a form of experiment is the simplest way to put into practice 
in research on human beings Pavlov’s idea that it is the orienting reaction 
which can serve as the most direct index of the subtlety of the nervous 
system’s analyser activity, in relation to a given property of stimuli. The 
advantage of this form of experiment lies in its avoidance of the extinction 
of the orienting reaction, an obstacle commonly met with sooner or later 
when the vegetative components of the orienting reaction are under 
study. 

There scarcely seem to be any grounds for supposing that thresholds 
of this kind can be noticeably lowered by “‘training’’. Learning always 
means the formation of connections of one sort or another. But here it 
would not appear that any conditioned connections have any essential 
significance. The result depends, literally and precisely, upon the sensitivity 
of the analyser to change in the given property of the stimulus. Inves- 
tigation of the threshold of simple discrimination is for this reason of 
great importance, but serious work is still needed to perfect techniques 
for measuring this threshold. 

2. Measurement of the “threshold of differentiated discrimination’, 
when the subject has to decide which of two possible directions an observed 
difference takes—higher or lower, faster or slower, softer or louder, lighter 
or darker, etc.; this probably implies the presence of a differentiation of 
these two directions of change in the given quality. The training which 
was given in the last of the experiments described earlier amounted to the 
elaboration of fine differentiations of this sort, sensory differentiations, 
pertaining to the first signalling system, whose “content” cannot be re- 
flected in speech, although the differentiations may be linked up with 
certain words. 

One can say that the judgement “the second sound is higher than the 
first” requires recognition, recognition without comparison, but this is 
recognition not of the pitch of a particular sound, but of the nature of the 
relationship between two sounds. It is “‘recognition without comparison” 
in the sense that the subject says “‘the second sound is higher than the 
first” without having the chance to compare that pair of sounds with 
another pair in which the second sound is lower than the first. 
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It should be strongly stressed that here we are speaking of recognition 
not of the actual relationship itself (as in the case of tests of “‘sense of 
intervals” or “‘relative musical ear’) but of the nature only of that rela- 
tionship; not of recognition of the degree of change, but recognition of 
the direction of change. 

3. The third case which interests us—the elaboration of differentia- 
tions—requires absolute recognition of the given quality (pitch of sound, 
speed of successive blows, loudness, brightness etc.), without any possi- 
bility of relying upon a relationship between stimull. 

It is precisely this feature—the impossibility of relying upon perception 
of relationships—which makes so special a case of elaboration of differ- 
entiation, or elaboration of the capacity for absolute recognition. Reac- 
tions to relationships probably do play some part even here, but they 
are reactions to remembered relationships, to relationships which are im- 
agined, not perceived. 

The amounts of thresholds of differentiated pitch discrimination are, 
as we have seen, much less than the amounts of differences in pitch typical 
for subtlety of differentiation. True, if one takes extreme cases it is possible 
to find examples of subtlety of differentiation in one person (e.g. our 
subject 1) giving a smaller pitch difference than the threshold of differ- 
entiated discrimination in another person (such as our subject 7). But 
such a relationship of indices can never be observed in one and the same 
person; furthermore the threshold of differentiated discrimination can, 
even in persons like our subject 7, be lowered very quickly by training. 
Therefore the thesis with which we opened this paragraph is undoubtedly 
of general import. It is much more difficult to recognise the absolute 
pitch of a separate sound than to determine the direction of the pitch 
difference between two sounds. 

In relation to other sensory qualities this difference may be less sharply 
expressed. In the field of discrimination between and recognition of dif- 
fering tempos, for a start, this difference is not so great—as unpublished 
experiments by us have shown—though it is still considerable. There are 
grounds for supposing that it is still less in relation to discrimination 
between and recognition of colour (wavelength). Evidence of this is pro- 
vided by experiments of our own not yet completed, and by the work 
of L. I. Mkrtycheva (18). 

5. One may advance the hypothesis that the threshold of simple dif- 
ferentiation is wholly determined by sensory function (the function of 
sensitivity), whereas subtlety of differentiation is determined mainly by 
the mnemonic function, seeing that in man subtlety of differentiation 
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always lags behind the discriminatory capabilities of the given analyser. 
Differentiation (absolute recognition) 1s primarily a characteristic of the 
sensory memory of man, in relation of course to given sensory qualities. 

In connection with what has been said above under point 2, it would 
seem to be more difficult to answer this question in relation to the thres- 
hold of differentiated discrimination. It does seem as though it is still 
sensory rather than mnemonic function which is of decisive significance 
here, and what has just been said under point 4 also weighs in favour 
of this. But the most important thing is to stress that what comes out 
in the results of tests measuring thresholds of differentiated discrimination 
is memory for relationships, and for relationships in their most generalised 
form, wheareas in the results of elaboration of differentiations what comes 
out is memory for absolute sensory qualities. 

6. In studying sensitivity by the method of measuring thresholds of 
differentiated discrimination, it is essential to bear in mind the possibility 
of lowering these thresholds very rapidly by training. The question therefore 
arises: would it not be more correct to take as the “index”’ the threshold 
of differentiated discrimination after training, not that obtained without 
any training whatsoever, as is the usual practice? 

7. One cannot agree with the view, having some currency, that sensi- 
tivity in sound discrimination is higher in dogs than in man. Even a serious 
and qualified investigator like E. G. Vatsuro writes thus—“... it has 
been shown that a dog distinguishes sounds differing from one another 
by one—eighth of a tone, which is beyond the capabilities even of a musi- 
cally gifted man” [9, 54]. It has been demonstrated above that the majority 
of people without special musical gifts can distinguish sounds differing 
from one another by one-eighth of a tone (25 hundredths). On the other 
hand we have seen that the possibility of elaborating a differentiation 
with a precision of one-eighth of a tone in a dog has been proved only 
in a few rare cases. 

The hypothesis that it is easier to elaborate fine pitch differentiations 
in a dog than a man still remains unrefuted. But this hypothesis (and it 
is only a hypothesis, not a proven fact!) can only indicate that in dogs 
sensory memory for the absolute pitch of a sound is better than it is in 
man, although sensitivity for pitch discrimination is much higher in man 
than in the dog. Even if this hypothesis is correct, we consider it to be 
no indication of the limited capabilities in this respect of the sound an- 
alyser in man. In a work by I. P. Nechaeva it has been shown that by the 
method of conditioned reflexes with reinforcement by food one can elab- 
orate in a seven-month-old child a differentiation to a precision of about 
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half a tone (80-130 hundredths) [19] *. Surely a brilliant proof of the very 
great capabilities in man ofsensory memory in the field of the sound analyser! 
The point would appear to be that in the majority of people these capabil- 
ities are never realised, since there are very few forms of activity which 
require precise memory of absolute pitch of sounds (even music does not 
require this). Many forms of activity, on the other hand, require from 
men subtle discrimination of pitch—and it is in this direction that the 
capabilities of man’s sound analyser are developed. 


Translated by RUTH KISCH 
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SECTION 2 : SPEECH 


THE GENESIS OF VOLUNTARY MOVEMENTS * 


A. R. LURIA 
Department of Psychology, Moscow University 


I 


IN ORDER to study those forms of a voluntary human activity which will 
reveal its mechanism most clearly, we must first isolate the basic unit in 
which the characteristic features will be most clearly revealed, and con- 
struct an experimental model which will enable us to follow how a vol- 
untary act is made up of a number of successive stages. 

A unit of this kind can be observed when a simple voluntary act is 
performed in response to verbal instruction, while the most convenient 
form in which to study such a unit is that which occurs in a “‘psychic re- 
sponse’’. 

In Soviet psychology it has been established that voluntary activity 
does not originate from any primordial properties of an internal life, but 
from the relations between a child and an adult. The adult at first de- 
scribes certain tasks to the child, who is later able to carry them out in 
response to his own verbal instructions. L.S. Vigotskii indicated the basis 
of a child’s development when he pointed out that “fa function which 
is first divided between two people later becomes a method of organisation 
of the activity of a single individual’. 

It may be supposed therefore that early experiments involving a ‘“‘psy- 
chic response” in which there was the simplest possible relationship between 
the verbal instruction and the task carried out may acquire a new in- 
terest if we apply their result to the problem as stated above. 

Indeed, experiments with either a simple or a psychic response may 
be of particular value in our investigation. Here we study reflex processes 
of a special kind: they originate in the experimenter’s verbal instruc- 
tions, and form a certain conditioned association in the child’s brain: 
according to the conditions of the experiment, this association may become 
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dominant and resistant to other extraneous stimuli which do not belong 
to the relevant system. Finally, in its most complex form, this association 
is extended and strengthened by words uttered by the child itself, who 
may formulate the appropriate method of response, so regulating its own 
reactions. It would appear likely that a careful analysis of how the child’s 
response to such a task originates in experiments involving a simple psychic 
reaction may lead to a new approach to such experiments, and may reveal 
other aspects of behaviour. 

We will now go right back to the beginning of the problem and con- 
sider how a child obeys adult instructions, what form this obedience takes 
and how as it is gradually learnt the child is able to regulate its actions 
accordingly. 

A great deal has been published concerning the early stages of the 
effect of adult verbal orders on child behaviour. 

From the numerous work on the psychology of the young child by 
M. M. Shchelovanov, G. L. Rozengart-Pupko, M. M. Kol’tsova and others 
it has been established that these instructions are by no means immediately 
distinguished from the affective forms of contact between the child and 
its environment. Only if the command (for instance, “‘hold out your hand’’) 
is pronounced in a certain way and forms part of a certain situation can 
it evoke the appropriate response. At this early stage, the whole affective 
situation acts as stimulus, and a considerable time is required before the 
adult speech can be recognized as a part of this situation or is able to 
elicit the required response. 

It would appear as if the power to respond to speech as a stimulus 
does not develop until the beginning of the second year: if we say to a child 
of one and a half years “hold out your hand” or “‘clap your hands”’ it is 
easy to obtain the appropriate response. However, careful observation 
will show that at this stage the effect of speech is still very limited, and 
if there is any conflict with some act the child may have started already, 
the order may be quite ineffectual. Following Shchelovanov we may tell 
a child who is putting on a stocking to take it off, or one who is taking 
rings off a stick to put them back, and it will be seen that the intended 
effect on the original act is not produced, but that on the contrary the 
action proceeds more vigorously. At this stage of development, a child’s 
actions are dominant and adult speech has merely a release function; 
it is not able to suppress an act already begun and still less to deflect a child 
from one task or another. 

There is nothing easier than to illustrate this result by preforming 
an experiment developed by S. V. Yakovleva. 
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A child of 1-5-2 years is given a rubber bulb and told to squeeze it. 
He does so, but having started, cannot stop. Gradually the kinaesthetic 
stimulation of the palms from pressure on the bulb will induce him to 
exert a continuous pressure; having started this action verbally we cannot 
stop it by further verbal instructions. If we say “stop pressing”’, the child 
is unable to arrest the widespread excitatory process, and quite often he 
may even press harder, because the excitation has irradiated widely and 
become dominant (Fig. 1). 
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Fic. 1. Motor responses to verbal instruction in young children. 


Thus the release function of speech is well developed at this age, but 
inhibitory power is not yet established. 

A far more complex effect of speech is exerted when it acts as a pre- 
release mechanism and establishes conditioned associations, and so acts 
in a regulatory capacity. As an example we may quote the usual experiment 
with a simple psychic response. If we say to a child “when the lamp lights, 
press on the bulb” it appears as though we do not set in motion any com- 
plex form of activity. But in fact it is quite otherwise. In this instance 
the verbal instruction does not act as a simple release mechanism in the 
same way as does a direct command. As A. G. Ivanov-Smolenskii pointed 
out long ago, before it has any overt effect it adds significance to a future 
stimulus and associates it with a future response which is not to be car- 
ried out until the actual word of command is given. In this case the verbal 
instruction represents an inhibition both of direct release signals as well 
as of direct movement; it presupposes a previous synthesis of two verbal 
functions, so that its distinctive feature is that it represents a pre-release 
system regulating subsequent action. 

We must enquire whether a one and a half year old child in whom 
the direct release speech function is already developed is able to have its 
pre-release system operated by verbal instructions. 
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V. V. Yakovleva’s experiments have shown that often this task is im- 
possibly difficult, particularly under laboratory conditions. In the present 
study, the verbal instruction does not operate only in the pre-release syn- 
thetic system, but continues to act fragmentarily: the words “‘when the 
lamp lights’’ cause the child to look round to see where the lamp is; when 
he is reminded ‘“‘to press” he makes responses which, on account of con- 
ditions of which he is reminded, are diffuse, and he continues to execute 
a set of movements which are not controlled by the instruction received. 
It is because of this direct release action of the separate components of the 
instruction that the appropriate reaction of pressing on the balloon may 
not occur, but instead there may be an orienting response so that when 
the lamp is presented it does not convey the appropriate message. Instead, 
it begins to act as an external inhibitor, and so paradoxically causes the 
reaction to stop (Fig. 2). 
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Fic. 2. Inhibition of motor orienting response to a signal: 
(a) and (6) —normal young children; (c) —imbecile. 


Under these conditions, any generalised form of verbal instruction, 
not to press when the lamp is off will have the effect as will any repeated 
inhibitory order (not to press) and will not have any restraining influence. 
on the contrary, they will act only in a non-specific way to induce a still 
stronger pressure, or else, at best, cause a completely irradiated inhibi- 
tion and failure of all motor responses. 

Only by working with the child for a long time and developing each 
separate portion of the verbal instruction and demonstrating the act as 
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it should be performed is it possible to form the association required for 
the instruction to be carried out, and only in this way can the child become 
conditioned to respond to the signal. 

However, even in this case we do not obtain a stable, clear-cut reac- 
tion: for a long time the response consists of a series of movements not 
implied by the signal and which indicate the diffuse nature of the induced 
excitation. For a considerable period the child is not conscious of these 
movements, which remain undirected. 


2 


We have described the phase when a child’s behaviour is controlled 
only by the simple release function of speech, and when attempts to in- 
hibit an action already begin to fail.* 

Does this mean that in general at this early stage it is impossible to 
inhibit by word of command the fulfilment of an action already started? 
By this stage adult speech has not yet acquired an inhibitory function, 
and instructions to a child to stop performing involuntary actions may 
act non-specifically and so increase them: this does not mean that no fur- 
ther search must be made for some earlier form of organization of volun- 
tary action. 

Many proposals made long ago by I. M. Sechenov and supported 
more recently by P. K. Anokhin are of help in attacking this problem. 
These authors repeatedly pointed out that the inhibition of any action 
usually results from the encounter of two excitations, so that one inhibits 
the other. It would, therefore, appear possible to make use of the already 
established excitatory and release function of adult speech to induce in 
the child just such an encounter of two excitations, and in this way to 
inhibit an action already under way. 

A very simple experiment proposed by A. I. Meshcheryakov and car- 
ried out by S. V. Yakovleva showed that this could in fact be done. When 
it had been found impossible by word of command to prevent a child 
pressing on the rubber bulb, we then told him to carry out two simple 
acts successively; after the lamp had lit he was to press the bulb, and then 


* The results show that the artificial conditions obtaining in a laboratory experiment, 
and which we have mentioned previously, have a very considerable effect on tendencies 
which in more complex and sometimes in concealed forms occur as part of the child’s 
natural behaviour. The child’s natural behaviour is somewhat in advance of that which 
is observed in their laboratory experiment, but the fundamental features are the same 
in both cases. 
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immediately afterwards to move his hand away, e.g. to put it on his knee. 
When this two-fold release instruction had been fulfilled (and it caused 
no great difficulty) we began gradually to reduce the action required, 
telling the child to press on the bulb and then to put his hand not on his 
knee but on the table near the bulb; this process was then taken further, 
and after a short period of exercise we were able to dispense with the 
instruction to take the hand away. By learning to carry out the second 
action, the child was able to inhibit the first, and so could now do what was 
previously impossible, and co-ordinate his movements in accordance 
with the signal without giving any superfluous pressure responses on the 
bulb between signals. The inhibitory verbal command now produces the 
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Fic. 3. The part played by the inhibitory component of the motor response during 

the encounter of two successive actions which are later performed in more rapid 
succession (from V. V. Yakovleva): 

a.— Experiments with a simple response to a signal (bulb in hand all the time); b.— 

Experiment in which the hand is moved to one side: c.—Effect of developing inhibi- 
tion (bulb again in hand all the time). 


intended effect: on account of the inhibitory influence derived from the 
previous encounter of successive excitations, a child is now able to hold 
the bulb in the hand and to press it when instructed without continuing 
to apply successive uncontrolled pressures (Fig. 3). V. V. Yakovleva ob- 
tained this result in the great majority of 1-5-2 year old children and in 
all those of the 2-5-3 year old group. 

Having obtained a simplified picture of an organization of an action, 
and having prevented the diffusion of motor impulses, we can now see 
how right I. M. Sechenov was in considering voluntary human movements 
as being “‘learnt’’, and are encouraged to undertake further investigations. 

The organized action which we obtained arose from the encounter of 
two excitations each of which was induced from without by the experi- 
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menter. As a further step, we must now attempt to obtain a completely 
voluntary movement in which the inhibition of the superfluous motor 
impulses is produced by the child itself. 

To induce experimentally a simple voluntary act involving a typical 
inhibitory component, we must change the principle of the experiment. 

In the experiment as performed, the verbal instruction was purely 
excitatory, and the inhibitory signal which restrained superfluous move- 
ments was not part of the experiment. This inhibition should be performed 
by kinaesthetic stimulation originating from contraction of the finger 
muscles and indicating that the movement has been completed; they 
should serve to inhibit subsequent movements. However, we could not 
be sure that the incompletely developed motor system of a child does 
have available the necessary kinaesthetic signals for arresting an action 
when it has been completed; because the inhibitory function of speech 
is not yet established, the command from the experimenter was also in- 
adequate for this purpose. On this account the experiment failed. Not 
having received any definite signal that its task was completed, the child 
did not arrest its movements but applied superfluous pressures when it 
should have stopped. We were therefore faced with the problem not only 
of starting but also of stopping the child’s response. An analysis of the 
reflex structure of the motor act indicated a solution. 

Neuro-physiologists have frequently pointed out that control of an 
action requires afferent (‘‘feedback’’) impulses which signal the end of 
an action, and that without such a system of signals resulting from the 
act itself, movements would be uncontrollable; this modern cybernetic 
view has been advanced by several English and American psychologists, 
and considerable support to it has been given by the Soviet Physiologists, 
L. A. Orbeli, N. A. Bernshtein and P. K. Anokhin. 

With this in mind, we must now consider whether it will be possible 
to arrange an experiment so that the child’s movement itself initiated by 
the adult’s command shall itself produce a sufficiently definite and as far 
as possible exteroceptive signal which will indicate the end of the action, 
and by acting on the feedback principle will extinguish the irradiated motor 
impulses. 

We now re-designed our experiments in order to obtain self-regulation 
of this kind. All the conditions remained as before except that the child 
was told that when the lamp lit he was to press on the bulb and in this 
way to extinguish it. Again, in a more complex form of the experiment, 
when the lamp lit he was to press on the bulb and so cause a bell to ring. 
A simple mechanical arrangement enabled the lamp to be turned off by 
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pressure on the bulb, and, in a second arrangement the same device caused 
a bell to ring. The signal given to the child elicited a movement from him, 
while the movement itself induced a clear exteroceptive signal which gave 
rise to afferent impulses indicating that the task had been fulfilled and 
so acting as a secondary inhibitory stimulus. 

Experiments of this kind carried out by V. V. Yakovleva gave interest- 
ing results. In half the 2-year-olds and in three quarters of the 2-3 year 
old group, this arrangement eliminated chance pressures occurring between 
signals and elicited clear-cut co-ordinated reactions to the signal; however, 
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Fic. 4. Part played by feedback in controlling movements in children aged 2—2:°5 
years. (From V. V. Yakovleva). 


if the feedback was eliminated then the great majority of the children 
returned to the original diffuse motor reaction, and only in one third of 
the older group (2-3 years) was any noticeable effect retained, and the 
movements co-ordinated (Fig. 4). 

These experiments need to be refined and the results confirmed, but 
it is difficult to interpret them otherwise than as illustrating a first and 
very simple plan ofa definitely voluntary action ina young child. The move- 
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ment is set in motion by the verbal instruction, and is arrested by an 
exteroceptive signal which results from the child’s movement itself. While 
remaining reflex in nature, the action acquires all the features of a volun- 
tary act under the control of the subject. By means of a signal derived from 
the child’s movement it was possible to obtain a result which it was impos- 
sible to elicit by means of an inhibitory word of command.* It seems 
that we have here a simple illustration of a self-reguiated act to the 
analysis of which so much attention has been given recently, and that it 
might be expected that the same effect would be obtained from an ex- 
periment of this type even in cases where it would not be thought possible 
that a true voluntary act could occur. 


3 


Having revealed the simple plan of a voluntary act in a 2-2:5 year 
old child, it now remains to consider further possible developments. 

The first and simplest voluntary act was controlled by an external 
signal which, it is true, was derived from the movement itself. It might, 
however, be possible to organize the experiment in such a way that the 
self-regulatory movement will be derived from the child and will no longer 
require an external regulatory signal to be applied. 

It then occurred to us to present the command given by the adult, 
which initially controlled the child’s behaviour and then, following it, 
the child’s own speech. By this means it might be possible to solve 
the problem and to develop a method of inducing a true voluntary ac- 
tion. 

The features by which the child develops the power to obey a verbal 
instruction and to become capable of regulating his actions by his own 
speech should now be recalled. 

At 3-4 years the child’s speech advances greatly. It has been shown 
that at 3-3-5 years it is possible to set up by a simple spoken order the 
necessary pre-release system of associations, and to tell a child not to 
carry out a certain set of movements immediately but to react only when 
an agreed signal] is given; in the same way it is possible to form a more 
elaborate set of associations, for instance by telling him to respond by 
pressing only when the signal is red, and not to press at green. However, 
according to work which N. P. Paramonova has done in our group, the 
excitatory component of the verbal instruction is still considerably stronger 


* At the present time more precise experiments are in progress which will deter- 
mine the limitations of responses of this kind. 
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than the inhibitory, and the motor response is still very diffuse. There- 
fore, as a rule, a child of 3-3-5 years reacts readily to the positive signal, 
and sometimes continues to give uncontrolled responses between signals; 
it can be restrained from movement only for very short periods after the 
inhibitory order has been given. The direct stimulating effect of the signal 
is so great and the inhibitory so weak that the child can withhold the 
response only for a short time. Therefore, in these cases we have to resort 
to another method, and to reinforce each stimulus by a special verbal 
instruction in order to strengthen the inhibitory significance of the signal 
and so gradually to elaborate the necessary differentiation of the response. 

The fourth year, which is the first year of the pre-school period is not 
only the time at which the child becomes capable of carrying out com- 
paratively complicated instruction, but it is also the stage when its own 
speech becomes much more rich and varied. 

This last fact would suggest that new pathways become available for 
behavioural control. 

We have seen that at the first stage of development we were able to 
regulate movement if the motor response itself was made to produce 
a signal which indicated the result of the action; it was also shown that 
at the next stage this regulating influence may be exerted by verbal rein- 
forcement of its reaction by the adult. 

We now have to consider whether such a regulatory effect can be taken 
over by the speech of the child itself. 

For this purpose we once more changed the arrangement of the ex- 
periment and told the child that at each movement made in response 
to the signal he should say, “Now!”’. 

There is reason to suppose that the child’s speech, which by this time 
is well formed and quite varied and not under the continuous influence 
of any external stimulus such as that corresponding to the kinaesthetic 
stimulation of the hand receptors by the bulb, will be better able to fol- 
low the agreed signal. It is a product of more highly developed nervous 
processes, and will now constitute a means by which the motor response 
may be controlled. 

An attempt to study the regulatory function of the child’s own speech 
in the 2-2:5 year old group met with no success. At this stage speech 
is very imperfect, and attempts to obtain even the simplest verbal responses 
to the signals given did not help but actually hindered the organization 
of the child’s movements. In these experiments, it is true, the child began 
to reply to the signal by saying, “‘now!’’ (or by the even simpler expres- 
sion ‘“‘Oh!’’), but at this age these response were every unstable, and it often 
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appeared to be unable to say “now!” while at the same time pressing 
on the bulb; the verbal response was either very easily extinguished, or 
else came to be repeated mechanically, irrespective of the signals, or again 
through a process of negative induction, it began to inhibit the motor 
response. 

Quite a different condition was found in 3-3-5 year old children, and 
particularly in those whose speech had been well-developed by kinder- 
garten training. 

Unlike the 2 year olds, these children never found any noticeable 
difficulty in replying to the signal with the word “‘now!’’. They were highly 
interested in the task, their replies were always well-timed to follow the 
signals and the latent period was much more stable than was that of the 
motor response. By contrast with simple motor responses unaccompanied 
by speech, we practically never found any cases of a perseverative verbal 
response occurring independently of the signal or continuing after the 
signal had been withdrawn. Thus, all the results indicate that the neutral 
processes associated with simple verbal replies are at this age considerably 
in advance of those which control motor responses, and that they are well 
defined and adaptable. 

We must now consider the possibility of using this sufficiently perfect 
and therefore controllable nervous system in the place of the signals pre- 
viously derived from the act itself, thereby effecting the necessary control. 

It will be recalled that a clearly marked control over young children’s 
reactions was produced by additional signals, whose effect was still bet- 
ter shown in the 3--3-5 year old group. 

In the normal experiments in which actions were carried out in ac- 
cordance with instructions previously given, we were not able to arrest 
diffuse motor responses, but the introduction of the additional signal 
eliminated them completely. Whereas in the usual experiments the re- 
sponse is directly related to the stimulus, so that a stimulus of long du- 
ration would induce a pressure lasting for some time, or would cause 
a child to press several times during the whole of the period that the stim- 
ulus was applied, according to O. K. Tikhomirov, the introduction of 
feedback eliminates such a relationship and the movement becomes more 
subordinate to the verbal instruction. 

It is extremely important at this stage, however, that the same results 
can be obtained by using the child’s own speech in place of the additional 
signals. If the child is told to respond to each illumination by saying “now’’ 
or “‘oh’’, and at the same time to press on the bulb, we replace the con- 
trol of the external signal by the child’s own command, which, because 


176 A. R. LURIA 


of the more highly perfected nervous organization underlying it can be 
more accurately directed, and serves as an effective control mechanism. 

We will now consider the results obtained in such experiments per- 
formed in our group by M. R. Peskovskaya and O. K. Tikhomirov. Ac- 
cording to them, use of the child’s own verbal command completely 
eliminates the diffuseness of the response and causes the movement to 
be accurately related to the signals, so that it is clear-cut and appropri- 
ately directed. If however the verbal accompaniment is not given the 
child once more responds in the diffuse and unorganized way. Thus, the 
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Fic. 5. Regulation of motor responses using supplementary verbal instructions by 
the child (from O. K. Tikhomirov). 


introduction of the child’s own command eliminates the direct relation 
between his response and the nature of the stimulus, and his reaction 
becomes subordinated to his own verbal instruction. A child who was 
not able to react appropriately to either a short or a long-lasting stimulus 
may now begin to do so easily, regulating his action by bursting out with 
the word “now!” by which means he controls his own movements. 
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It is possible to elaborate the experiment further and to demonstrate 
the regulatory function of the child’s own speech even more clearly. If 
a 3-3-5 year old child is given the problem “when the lamp lights, press 
twice’, he will be unable to do so; even when he understands perfectly 
well the significance of the number ‘“‘two” he will perform the task cor- 
rectly only one or twice, and then only if the signal presented to him 1s 
not maintained for too long. The motor excitation induced in the child 
radiates readily, the reactions induced perseverate, and instead of pres- 
sing twice he presses a third, fourth, and finally many times. We have, 
however, only to go over to an experiment where, besides pressing the 
bulb, the child also exclaims “‘one, two!’ for the irradiation of the ex- 
citation to be arrested, and the child will again press twice, as required. 
When he no longer gives the verbal response he once more returns to the 
diffuse motor reaction. (Fig. 5). 

The facts expounded above are of considerable significance. Where- 
as in experiments which revealed the effect of the extra signals, we demon- 
strated, even though artificially, a model of a simple externally control- 
led voluntary act in the later experiments which included verbal control 
by the child himself we were able to follow the initial stages of the for- 
mation of a self-regulatory system, in which the self regulation is natural 
and in which the more highly perfected nervous linkage (association) plays 
the part of a control mechanism which reinforces the verbal instruction 
and allows a true voluntary act to take place. 


4 


We will now try to examine more closely the mechanism by which 
the child’s speech exerts its controlling influence. We require to know 
whether the regulatory effect 1s brought about by the motor response be- 
coming included in a system of selective mental associations belonging 
to the word, or whether the influence of the child’s speech which we have 
observed in our experiments is much simpler, and the possible effects of 
this influence much more limited. 

In considering the various possible forms the effect of speech may 
take we have already mentioned that it may have an excitatory, release, 
or Inhibitory function, and that it may act specifically by completing 
some nervous circuit, or finally that it may exert a regulatory influence. 
We must now consider whether it is possible to use these different criteria 
in determining what part of the child’s verbal reaction is responsible for 
the regulatory function. 


12 Recent Soviet Psychology 
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There is no doubt that the exclamation “now!’’, acting as negative 
feedback, operates as a complex stimulus. The child’s subsequent be- 
haviour may be influenced on the one hand by the production of the verbal 
response, which will include the innervation of the different organs of 
speech and the establishment of an appropriate excitatory level in the 
cortical speech areas. On the other hand the verbal reaction will include 
the system of selective thought associations which elaborate from the 
word a complex signal which brings about a reaction closely associated 
with the child’s previous experience of the word. It has to be decided 
which of these two aspects of the word, the non-specific impulsive or the 
specifically thoughtful, acts at this early level of behavioural organiza- 
tion to regulate the response. 

O. K. Tikhomirov’s recent experiments give no answer to the problem: 
both functions, the impulsive and the thoughtful, coincide during the 
child’s verbal response, and they must be separated in order to solve the 
problem. 

We may make use of a simple device. Let the conditions of the ex- 
periment be changed so that a 3-4 year old child, who has successfully 
pressed twice in reply to the signal, instead of accompanying his action 
by saying, “one, two” shall each time give the generalized instructions 
““T will press twice!’’. 

It might seem that we have changed our experiment very little. In 
fact we have altered it fundamentally. In the first arrangement, the reg- 
ulatory effect of speech might be derived from the two isolated impulses 
“‘one, two’’, “oh, oh’’, but now these two isolated impulses have been com- 
pletely eliminated, and the regulatory effect proceeds only from their 
significance; in other words the control will proceed only from that se- 
lective system of associations with those particular words which have 
been firmly established in the previous experiment. Furthermore, in this 
new arrangement, the nature of the impulses associated with the com- 
mands the child gives to himself may even conflict with their meaning: 
the child means that he ought to press twice, while the impulses derived 
from the phrase “lI will press twice’’ will consist only of a single extended 
nervous signal. 

In this case, to what is the motor response of the child subordinated? 

O. K. Tikhomirov’s experiments on 3-4 year old children leave no 
doubt as to the answer. Whereas the child’s cry of “‘one, two!’’ success- 
fully controlled the motor response, in all cases without exception the 
exclamation “I will press twice!” failed to lead to the desired effect, and 
as a rule the child made one long lasting movement. This showed clearly 
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that the regulating effect is not derived from selecting the relevant thought 
association, but is determined by the impulsive aspect of the speech (Fig. 6). 
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Fic. 6. The effect of nervous impulses derived from speech as compared with that 
of the thought contact in regulating motor responses in 3 year old children (from 
O. K. Tikhomirov): 

a.— Development of motor response from the instruction ‘“‘when the lamp lights, 
press twice;”’ b.—Same instructions, and child accompanies response by saying “‘oh, 
oh!’ (correct response now obtained); c.—ditto, and while reacting the child says 
‘I will press twice’’ or merely says “twice!” 


There is, however, a further even more convincing experiment which 
shows that the effect is derived from the impulses and not from the selec- 
tive thoughtful aspect of the speech. 

Until now we have investigated the regulatory effect of speech only 
in experiments in which there is a simple response to a signal, and when 
the speech impulse necessarily has only an excitatory or release func- 
tion. 

However, we can successfully change over to experiments in which 
a system of differentiated associations is formed, and in which one signal 
is positive and the other negative. We have already seen how difficult 
it is for a child of this age to inhibit the impulse to react directly to a signal 
which his instructions tell him to be inhibitory. 


12* 
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It might, however, be possible to inhibit this impulsive reaction by 
using the child’s own speech to coincide with each appearance of the 
stimulus and so to reinforce the signal conveyed by it. For this purpose 
we used E. D. Khomskaya’s method, and told the child to say at each 
positive signal: “‘I must press” or simply “I must’’, and at each negative 
signal to say “I must not press’ or simply “I must not”. 

It was found that there was no great difficulty in developing such 
a differentiated verbal response to signals in children of 3 to 4 years old. 
However, in the light of what has just been said, it can be understood 
that considerable difficulties are encountered when the attempt is made 
to regulate action by means of such verbal responses. 

Indeed, if when the child says “I must” at the positive signal, a pos- 
itive signal is derived both from the significance of the remark and from 
the signal represented by the associated nervous impulses; it is quite other- 
wise with the response “I must not’? which accompanies the inhibitory 
signals. From its significance it ought to be restraining and inhibitory, 
but from the nature of the nervous impulses conveyed by it it still con- 
stitutes an additional innervation, in just the same way as did the positive 
signal “J must’’. It remains to find what component of this complex verbal 
response, the impulsive or the thoughtful, will be dominant and will de- 
termine the influence on the motor reaction. 

The experiments on 3-4 year old children gave a completely unam- 
biguous answer. When the child said “‘I must’ at the positive signal, there 
was an increased excitation and clear-cut appropriate responses to the 
signal were made. When the child said “I must not’? when given the in- 
hibitory signal, this reply did not cause an inhibition but a disinhibition 
of the motor reaction which was futher stimulated by the verbal response 
to the signal (Fig. 7). From O. K. Tikhomirov’s experiments in the “‘silent”’ 
experiment in which differential responses were elicited tn the 3-4 year 
old children, there were 42 per cent impulsive motor responses to the inhibi- 
tory signal, while when the child said “I must not” on being presented with 
the signal, the number of disinhibited reactions was as high as 70 per cent. 

It is only when we told the child to say “I must” at each positive signal 
and at the same time to press on the bulb, and in response to each in- 
hibitory signal not to press on the bulb and not to say anything, that the 
conflict was eliminated. The child who was previously unable to develop 
a stable differentiated response was now able to make appropriate re- 
sponses with the help of his own speech as controlling factor. 

The effects described show that in the 3-4 year old child it is possible 
to effect a definite control over movement by means of the child’s own 


GENESIS OF VOLUNTARY MOVEMENTS 





(b) 


Imustnci! 
| must not! 
| rust! 

I must! 
| must not] 


Fic. 7. Effects due to the nervous impulses derived from speech on the motor re- 

sponses ina child of 3 years 2 months (Test on Vasya, D). (From O. K. Tikhomirov): 

(a)—Carrying out the differentiated response in silence. (b)—ditto, replying verbally 

to both signals; (c) —ditto, during silent inhibition of the motor response to the negative 
signal. 


speech which serves to reinforce the previous verbal instruction and acts 
on the principle of feedback. However, at this early stage, and at any 
rate under the conditions of our laboratory experiments, the regulatory 
effect of the speech of the child itself does not originate from the 
selective or thoughtful side so much as from the non-specific, action 
of the nerve impulses; whereas the non-specific aspect of outside speech 


is completely without effect at this time, the child’s own words may nev- 
ertheless exert a considerable influence. 


5 


We have been considering the earliest and the least known stages of 
the formation of a voluntary act in a child, and have described the char- 


acteristics and the simplest ways in which the child’s own speech may 
serve to regulate its behaviour. 
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It remains to say something about the subsequent stages in the de- 
velopment of this regulatory function. The essential feature of these stages 
will be no surprise to us: it is that regulation shifts over more and more 
from the mediation by the nervous impulses associated with speech to that 
system of separate selective thought associations which are stimulated by 
the word; what is most interesting, is that at the same time control be- 
comes transferred from the child’s spoken word to its own internal 
speech. 

For this purpose we need not necessarily apply special tests, but an 
experimenter always requires to follow any process as far as possible 
to its origin, and to do so by means of the original set of experiments. 

The facts indicate that the essential change which we have just men- 
tioned occurs in children between 4-5 and 5-5 years old. It is at this time 
that it becomes possible to develop in the child a sufficiently stable system 
of motor responses solely in terms of previous instruction. The child may 
grasp quite complicated instructions, to press in response to one signal 
but not to another, and by regulating his own behaviour by a rule which 
he has learnt he gives no impulsive reaction to an inhibitory signal. It 
is only when the conditions of the experiment are complicated, for in- 
stance by giving the signals more rapidly or by making them more dif- 
ficult to distinguish, that the inhibitory stimuli may elicit impulsive re- 
sponses. It is in these cases that it can quite often be seen how the child 
begins to resort to speaking aloud. But now the response ’I must not 
press” does not act in the capacity of a set of nervous impulses, but by 
virtue of the significance of the statement, so that it does not disinhibit 
but rather inhibits the sponteneous response. It is for this reason that 
in children of 5-6, as O. K. Tikhomirov has shown, the learning of the 
significance of the inhibitory signal can by itself cause a considerable 
reduction in the number of spontaneous motor responses in these relati- 
vely complex experiments. At this age the child’s own spoken words have 
the same effect, when because of the complexity of the experimental con- 
ditions some of the verbal instructions begin to lose their regulatory func- 
tion. This can be clearly seen, for instance, in cases when the child is set 
a difficult task requiring more complex forms of delayed inhibition. He 
may be told to press in response to short signals and not to long ones, 
or again to press when two equal signals are given and not to press in 
response to a third. These experiments show that the correct carrying 
out of the instruction is often beyond the powers of a 5 year old child 
if he attempts to work in silence, but that he can succeed if he speaks 
while responding, so that his verbal replies can serve to reinforce the de- 
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layed inhibition and to determine the order of the positive and the in- 
hibitory responses. 

However, under these conditions it is by no means always necessary 
for the normal child to produce a spoken accompaniment of the motor 
response, but it becomes necessary only in certain special cases which 
we shall consider in another connection. It 1s, therefore, often sufficient 
to extend the verbal analysis of the signals presented to the child, and 
the internal speech associations so formed are then adequate to regulate 
his motor response. 

The use of speech as a regulator, the gradual transition of the regulatory 
function from the nervous impulses derived from the child’s own speech 
to the system of selective thought processes, and finally the transition 
from the regulation by the child’s spoken word to the formation of verbal 
associations represents a highly complex process during which the char- 
acteristic “‘following device’ of internal speech is developed. 

Internal speech is a method of selection and of generalization and 
a means whereby a human being may orientate himself with respect to his 
environment and so comes to be a mechanism which allows new tem- 
porary connections to be developed, and which endows them with certain 
specific features peculiar to man. 

A comparative analysis of the results obtained in the very simple experi- 
ments confined to studying relatively simple motor responses, with which we 
have been concerned in this article helps to demonstrate this conclusion. 

We will now leave for the time being the method of formation of motor 
responses based on previous verbal instructions and following A. G. 
ivanov-Smolenskii will attempt to establish for man the normal framework 
of the conditioned reflex, as proposed by I. P. Pavlov. Let us show to 
a child one signal, for instance a red light, and at the same time say ‘“‘press 
this’! (or, what is the same in principle reinforce it with an interesting 
picture), and then give another signal, which may be a green light, and 
each time give the inhibitory order “don’t press” (or show no picture as 
reinforcement). 

We now have to find whether the differentiated conditioned response 
to press at the red signal and not at the green will be developed as well 
in a 3 year old, in whom the regulatory function of speech is still poorly 
developed, as in a child of 4-5-5 years in whom internal speech plays 
an active part in determining his behaviour. 

Facts given by N. P. Paramonova in her lifetime showed that it was 
possible to demonstrate how different is the nature of the conditioned 
reactions in these two cases. 
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There is every reason to suppose that in the first case in which a con- 
ditioned reaction is developed under artificial laboratory conditions, 
many of the features which were studied by I. P. Pavlov in animals ap- 
pear. New associations are formed which require repeated reinforcement, 
there is a period when the associations are generalized and for some time 
are not sufficiently stable so that each external agent or inhibition, or 
a short pause, or even a simple failure to supply reinforcement may easily 
destroy the association which is being formed. The selective nature of the 
reaction develops only gradually, and in the first trials each inhibitory 
reinforcement (“do not press’) causes the whole reaction to stop, and 
each positive reinforcement (‘‘press’’) likewise forces the whole reaction 
to continue. The development of the inhibitory reaction occurs only grad- 
ually, passing through stages of smaller and smaller responses to the in- 
hibitory signals; it becomes extremely difficult to alter the system which 
has developed, and an extended period of re-learning is required. Do we 
expect to find all the properties of this primitive development of a new 
artificial association in the young child? 

The nature of the formation of the new system of selected responses 
in a 4-5-5 year old child is quite different. We can be sure that a signal 
accompanied by verbal reinforcement will already constitute the certain 
system of information, which becomes generalized with the help of speech. 
The first presentation of the conditioning signal with its verbal reinforce- 
ment (“‘press’’) induces in the child an active generalized verbal reaction 
to the effect: “does that mean I must press at red?”’ Even by the first pre- 
sentation of the inhibitory signal accompanied by the instruction “don’t 
press’, he has formulated the rule: “ah—ha, that means I must press 
at red but not at green’, and the rule formulated by the child himself 
is now firmly included between the signal and the response so as to regulate 
all further activity. Thus it assumes an indirect quality through being me- 
diated verbally, and remains of this indirect kind when the child begins 
to perform his movements silently. 

Accordingly, the way in which the new association is formed is fun- 
damentally different; it develops at once, and does not pass through 
a phase of generalization, but immediately forms a clearly defined com- 
plete system. The new association formed by bringing the reaction into 
the system formulated by the child’s speech does not require continual 
reinforcement and is not destroyed either by an external inhibitory agent, 
or by a pause or by withholding the external reinforcement. It may be 
rapidly reinforced, and equally rapidly reversed. If a child is shown a signal 
which was previously inhibitory, but is given the new instruction “‘press”’; 
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the rule is easily and immediately formulated; “ah ha, that means now 
it’s the other way round’’. 

There is no single rule in the development of a new temporary con- 
nection which does not undergo profound change as soon as the child’s 
reactions begin to be based on information which 1s systematised 1n a verbal 
form. It is this critically important fact which allows us better to under- 
stand the new factor introduced by speech into the organization of be- 
haviour. The second signalling system is, of course, a part of the work 
of the same nervous system, but, as I. P. Pavlov has pointed out, it in- 
troduces a new principle of nervous activity. This new principle involves 
a close association of speech and behaviour and transforms man into 
the “most advanced self-regulatory system’’. 


Translated by H. ASHER, B.A. 


REFLEX RECEPTOR MECHANISMS * 


YE. N. SOKOLOV 


Department of Psychology, Moscow State University and Institute of Defectology, Academy 
of Pedagogical Sciences of the R.S.F.S.R. 


THE ACTION of a stimulus on any sensory system brings about a number 
of changes in its different parts, including the receptor itself, as a result 
of which the sensitivity of the system to external stimulation changes. 
On this account, during the action of a stimulus its action on the system 
is altered, and this in turn produces further changes in sensitivity. In this 
way, the reception of a stimulus takes place as a series of reflex acts oc- 
curring within the sensory systems concerned in the perception of any 
particular stimulus. 


A very important part in perception is played by the orienting and 
adaptive reflexes. 


G. V. Gershuni [1] first raised the question of the part played by the 
orienting reaction in the reflex control of the sensory sensitivity of other 
systems, after which a number of experimental studies followed. The 
importance of adaptive reflexes in influencing perception has recently been 
stressed by P. O. Makarov. 


Work carried out by us in the Laboratory of the Physiology of Anal- 
ysers, Moscow State University, and in the Institute of Defectology 
of the Academy of Pedagogical Sciences [2, 3, 4], has shown that 
in considering the perception of external stimuli, special attention 
must be paid to the relationship between the orienting and adaptive 
reflexes. 


The two adaptive reflexes which we have studied are those of thermo- 
regulation and light adaptation. They were compared with the orienting 
reactions developed in response to sound, light and temperature stimull. 


* Conference on Psychology, 1-6 July, 1955 (Materialy Soveshchaniya po psikhologii, 
1-6 iyulya 1955 g.), pp. 250-256. Acad. Paed. Sci. of R.S.F.S.R., Moscow, 1957. 
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COMPARISON OF THE ORIENTING 
AND THERMOREGULATORY REFLEXES 


An attack was made on this problem, working with O. S. Vinogradova 
and using a plethysmographic method. Simultaneous records were made 
of the increase in blood volume of the fing:rs and of the skin of the 
forehead in the region of the temporal artery. Also, N. I. Danilova, M. V. 
Mikhalevskaya and the author used the method of recording skin resist- 
ance with the aid of a self-setting potentiometer EPP-09. 

As heat stimuli we used infra-red radiation obtained from a ceramic 
heater element with reflector. The light stimulus was supplied by an in- 
candescent lamp whose intensity could be varied from 0-1 to 50 lux. The 
sound stimulus was supplied by a pure-tone ZG-10 generator. The cold 
stimulus was supplied by a glass filled with ice. 

The experiments showed that the first applications of the heat, cold, 
or sound stimulus produced the same reaction: there was a constriction 
of the vessels of the hand and a dilatation of those of the skin of the fore- 
head. However, after several applications, there was a marked change: 
heat now produced a dilatation of the vessels of the hand and head, cold 
caused both sets of vessels to contract, while sound ceased to produce 
any reaction at all. However, if the same stimuli were used immediately 
after some other stimulus such as the ringing of a loud bell or a knock, 
then the previous reaction returned for one or two trials, so that heat, cold 
and sound again caused constriction of the vessels of the hand and dilatation 
of the head vessels. After this, the reaction reverted to its previous stage. 

Recording of the C.G.R., which consisted in measuring the change 
in the skin resistance of the palm in response to the action of heat, cold, 
or sound, showed that all these stimuli give the same reaction in which 
there is a temporary reduction in the resistance of the skin to direct cur- 
rent. The resistance of the skin fell at the moment of application of the 
stimulus, was restored while it continued to act, and again fell on its with- 
drawal— Repeated application of any of the stimuli led to an extinction 
of the C.G.R. Unlike the vascular reaction, we found no specific feature 
associated with thermal stimuli. After applying the extraneous stimulus, 
subsequent application of heat, cold, or sound once more induced the 
previous reduction in the resistance of the skin of the hand, which oc- 
curred either when applying or at the moment of cessation of the stimulus; 
subsequently the C.G.R. to all stimuli once more disappeared. 

We must now consider how these facts may be explained. Constric- 
tion of the vessels of the fingers and dilatation of those of the hand may 
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be involved in several different processes, including the orienting reac- 
tion and the process of thermal regulation. The first application of any 
of the stimuli always brings about an orienting reaction, which consists 
of a constriction of the vessels of the hand and a dilatation of those of 
the head; this reaction disappears with continued application of the stim- 
uli. The thermo-regulatory reflex is increased when the orienting reaction 
to heat or cold is inhibited. Therefore, when after many applications 
sound has ceased to induce any reaction, heat produces only its specific 
effect in dilating the blood vessels in the hand and the head, while cold 
produces only a constriction of both sets of vessels. When an extraneous 
stimulus is applied and the orienting reflex becomes disinhibited, there 
is temporary inhibition of the adaptive reflex. The original orienting reac- 
tion is then temporarily restored for sound, heat, and cold equally. 
Unlike the vascular reaction, the C.G.R. ts associated chiefly with 
the orienting reflex. For this reason the first applications of heat, cold 
or sound produce an identical reduction in skin resistance of the palm 
of the hand, which becomes extinguished as the stimuli are repeated (Fig. 
1). Extraneous stimuli disinhibit the orienting reflex, and in particular 
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Fic. 1. Diagram showing the relation between the orienting and thermo-regulatory 
reflexes. It can be seen that dilatation of the vessels in response to warming and 
contraction caused by cooling occurs only when the orienting reaction is extinguished. 
The C.G.R. is entirely in the nature of an orienting reaction. Extraneous stimuli 
disinhibit the orienting reflex and inhibit the adaptive reflex. 
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its manifestation in the form of a change in skin resistance, so that their 
effect is to restore temporarily the original orienting reflex, which again 
subsides after further applications. 

The results indicate the differences between the orienting and adaptive 
reflexes. The former, which develop in response to any change of stimulus, 
become extinguished by repetition, while the latter, which are elicited 
only by adequate stimuli, become strengthened by repeated application. 


A COMPARATIVE STUDY OF THE ORIENTING 
AND ADAPTIVE REFLEXES OF THE VISUAL SYSTEM 


The relationship of the orienting and adaptive reflexes is of great im- 
portance in the functioning of the human visual system. 

To investigate the relationship, we worked on the pupil reaction, where 
the reflex change is particularly clearly shown. The pupillary reaction to 
light and sound was recorded with a ciné camera working at 32 or 250 
frames per second. Light stimulation was applied by switching on the 
500 Watt lamp used for photography. The sound stimulus was the 
noise of the motor switched on at the moment of making the film. The 
films were taken by E. A. Pokrovskaya, an operator in the Department 
of Scientific Cinematography, Moscow State University. 

The second visual reaction used was the change in electrical activity 
of the occipital region which was recorded in several experiments by use 
of a thermo-electric integrator, which allowed a direct determination of 
the level of electrical activity in the brain to be made and to be recorded 
by a selfsetting electronically controlled potentiometer. 

For comparison, we measured the cutaneous galvanic reaction to 
light. 

In the transition from darkness to light, as many investigators have 
shown (V. A. Smirnov [5], S. V. Kravkov [6] and others), there is a main- 
tained constriction of the pupil whose extent depends on the strength 
of the light. As our experiments showed, this reaction shows some var- 
lation in latent period and in the amplitude of the contraction, and is 
maintained with some fluctuations during the whole period of action of 
the light stimulus. However, even when applied together with a powerful 
light stimulus, the effect of a loud sound is always to produce a dilata- 
tion of the pupil, which, however, disappears if the sound is maintained, 
and becomes inhibited if it is applied repeatedly; this was previously shown 
by A. E. Liberman and N. I. Strel’tsova [7]. Extraneous stimuli disinhibit 
the reaction. 
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The C.G.R. occurred when switching the light either on or off, and 
the resistance change occurring in response to the light signals was in no 
way different from that induced by sound stimulation. The skin resistance 
recovered during exposure to a sound, and the reaction became extin- 
guished by repetition of the stimuli and was restored by the application 
of extraneous stimull. 

Changes in the electroencephalogram of the occipital region induced 
by light have much in common with the pupil reaction as affected by 
sound, and with the C.G.R. induced by light and sound stimuli. The re- 
cording of the brain potentials using an integrator shows very clearly 
that when the light is first applied the alpha-rhythm becomes depressed, 
but that it is restored, the curve returns to its initial value. Repeated 
applications of the light stimulus cause less and less depression of the 
alpha-rhythm, until finally no depression at all may occur. However, 
in most cases, a long period elapses before the first switching on of the 
light fails to produce any effect. 

A particular feature of the electrical response of the visual cortex to 
light is that its sign may depend upon the initial level of electrical activ- 
ity. Thus, if light is applied during a period when the alpha-rhythm is 
well developed, it is depressed. But when the level of activity is low, the 
same light stimuli may enhance the alpha-rhythm. Switching off the light, 
le. the transition from light to darkness, also causes depression of the 
alpha-rhythm. However, usually the depression is less when changing 
from light to darkness than when the change is in the reverse direction. 
Both sound stimuli and light depress the alpha-rhythm, but in the case 
of sound the alpha-rhythm recovers much niore quickly, and becomes 
much more rapidly extinguished when the stimulation is repeated. Just 
like visual stimuli, sound stimuli may also enhance the alpha-rhythm if 
it is initially weak. Switching off the sound, just like switching off a light, 
may cause alpha-rhythm depression. A feature common to the electrical 
responses to sound and light, to the pupillary reaction to sound, and 
to the C.G.R., is that extraneous stimuli restore the reactions after they 
have become extinguished. 

It remains to consider the relationships between the pupillary reac- 
tion, the electrical cerebral response, and the C.G.R. to light or sound. 

The pupillary reaction, just like the vascular constriction in hand or 
forehead, may form part of several different processes involved in various 
reflex acts. In our experiments, it formed part of the orienting reflex, when 
the dilatation of the pupil in response to sound was a component of the 
orienting reaction which results from the application of any change in 
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the external environment; it was also a component of the adaptive re- 
fiex, when the dilatation caused by the change from light to darkness, 
and its constriction on illumination, was a component of the adaptive 
visual reflex. Dilatation of the pupil as a component of the orienting reac- 
tion enhances the effect of the stimulus by temporarily increasing the 
sensitivity of the eye, and it shows all the features of an orienting reflex: 
it disappears if the stimulus is maintained, and becomes extinguished by 
repetition and disinhibited by extraneous stimuli. The pupillary com- 
ponent of the adaptive reflex remains constant at a level determined by 
the intensity of the stimulus and does not disappear on repetition of the 
light stimulus. 

The C.G.R. is a component of the orienting reaction closely similar 
to the pupillary component: it has the same sign irrespective of whether the 
stimulus strength is increased or decreased, it disappears when the stim- 
ulus is maintained, becomes extinguished through the action of sound 
or light stimulation, and disinhibited by the application of sudden or 
strong stimulation. 

The electrical response of the brain at first sight appears to differ from 
the pupillary and cutaneous galvanic components of the orienting reac- 
tion in that the sign of the response depends upon the initial activity level. 
However, on looking further, it can be seen that precisely the same reac- 
tions, consisting of an increased cortical excitation, are responsible for 
both depression and enhancement of the alpha-rhythm. In both cases 
the direction of the frequency change of the potentials is the same: when 
an alpha-rhythm is present initially, depression corresponds to a shift 
towards the higher frequencies, and when the alpha-rhythm is absent, 
or when medium frequency oscillations take place, enhancement also 
corresponds to a shift towards the higher frequencies. Both kinds of reac- 
tion represent an increased lability of the cortical cells, indicating a heiht- 
ened reactivity of the visual system. 

Whereas the C.G.R. is not selective with respect to the stimuli appli- 
ed, being the same for both light and sound, the cortical responses to 
light and sound are different. The reaction to sound resembles the cut- 
aneous galvanic response and the pupillary component of the orienting 
reflex. The response to light shows certain special features indicating 
that it is a type of orienting reaction: it disappears when the light is main- 
tained, becomes extinguished by repetition, and is disinhibited by ex- 
traneous stimuli. However, the fact that the reaction to light becomes 
extinguished much more slowly than that to sound, and sometimes never 
extinguished at all, suggests that it is a special component of the orien- 
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ting reflex and intimately associated with the visual system. The fact that 
this consistently maintained reaction is elicited selectively by light shows 
that it is in the same category as the adaptive reflex (Fig. 2). 
Comparison of the results of the first and second parts of the experi- 
ment shows the resemblance between reflex temperature regulation and 
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Fic. 2. Diagram of relationship between the orienting and adaptive visual reflexes. 
The pupillary reaction may be either adaptive or orienting. When a strong light is 
applied, the orienting reaction does not appear immediately, and the first response 
is a pupillary constriction. Sometimes, however, there may be a delay in the response 
which is evidently caused by the inhibitory effect of the orienting reflex. The appearance 
of the orienting reflex during the action of light is indicated in other ways (chiefly 
by the cutaneous galvanic reflex). It is therefore only the component of the orienting 
reflex which has the same manifestation as the adaptive reflex (i.e. the pupillary 
response) which is inhibited. Depression of the alpha-rhythm by sound takes place 
together with the C.G.R. However, the depression to light is better conserved, and 
is extinguished only with difficulty by a great many applications of the light stimulus. 
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control over the sensitivity of the eye. In both cases there is a complex 
interaction between the orienting and adaptive reflexes, which despite 
the similarity of their outward form may take place not only to a certain 
extent independently, but also show a reciprocal relationship. According 
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to the conditions, this orienting reaction may temporarily inhibit one 
or other adaptive reflex, as occurred when recording vascular reactions, 
or under the influence of the adaptive reflex, one or other of its mani- 
festations may be disinhibited, as in the pupillary reaction during strong 
light stimulation. When stimuli are applied frequently, the orienting reac- 
tion becomes extinguished, and then its inhibitory effect on the adaptive 
reflex becomes weaker. Therefore, in many cases the orienting reaction 
may become replaced by an adaptive reflex. Extraneous stimuli, by in- 
creasing the orienting reaction, may temporarily inhibit an adaptive reflex. 

By comparing the vascular, cutaneous galvanic, and cortical electri- 


cal responses it is possible to establish certain properties of the orienting 
and adaptive reflexes. 


Orienting reactions: 

(a) develop only in response to a change of stimulus; 

(b) in all cases the sign of reaction is the same, and is such as to in- 
crease sensory sensitivity; 

(c) they disappear during the maintained action of the stimulus, to 
appear once more when it ceases; 

(d) they develop in response to a wide range of stimuli; 

(e) they include many components affecting many different organs; 

(f) they may be divided into general and special orienting reactions; 

(g) they become extinguished by repetitions; 

(h) they are restored by the application of extraneous stimuli or by 
a change in the conditions of the experiment. 

Adaptive reactions: 

(a) the response is proportional to the strength and to the quality 
of the adequate stimulus; 

(b) the sign of the reaction differs according to whether the stimulus 
is applied or withdrawn; 

(c) they are maintained during the whole of the period of application 
of the stimulus; 

(d) they represent special reactions which occur only in response to 
adequate stimull; 

(e) they are not extinguished by repetition; 

(f) they may be inhibited by extraneous stimuli, being temporarily 
replaced by orienting reactions. 

In spite of the differences between them, the orienting and adaptive 
reflexes are intimately associated. Their interaction at a cortical level 
represents the reflex basis of perception. 


Translated by H. ASHER, B.A. 
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APPLICATION OF ELECTROMYOGRAPHY 
TO THE STUDY OF SPEECH * 


F. V. BASSIN and E. S. BEIN 


Institute of Neurology, Academy of Medical Sciences, of the U.S.S.R., Moscow 


BEFORE electromyography can be usefully applied to speech mechanisms, 
it 1s important that the following questions be answered : 

What results can be derived from studying the electrical changes in 
muscle associated with speech? What is the nature of the relationship 
between muscle potential changes and the second signalling system? 

If electrical recording is used as a means of analysing this most com- 
plex psychic mechanism without a clear answer to these questions, there 
is danger that a wrong approach may be made and in particular that the 
treatment may smack of psychophysical parallelism. To begin with, there- 
fore, we will define our standpoint clearly. 

By the term “electromyography of speech”, we mean the recording 
of the variable bioelectric potentials originating principally but not ex- 
clusively in the muscles concerned with articulation. Since these poten- 
tials reflect to some extent the regulatory processes controlling the mus- 
cles, their study will give information on certain aspects of the physio- 
logy of speech mechanisms. 

The recordings can be made in two distinct ways: by making the meas- 
urements either during audible speech or during the process of “speaking 
to oneself”, i.e. while the subject mentally performs various experimental 
speech tasks. 

The first method gives information concerning the muscular contrac- 
tions on which articulation depends. The second shows the changes in 
muscular tone which accompany subliminal speech and which represent 
to some extent the internal changes associated with it. This association 
between small variations in muscular tone and thought processes was, 


* Conference on Psychology, 1-6 July, 1955 (Materialy soveshchaniya po psikhologii, 
1-6 iyulya 1955 g.), pp. 315-327. Acad. Paed. Sci. of R.S.F.S.R., Moscow, 1957. 
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as is well known, stressed by I. P. Pavlov, who pointed out that one had 
only to think about hand movements for such movements to be initiated 
and that it was possible to record them by means of appropriate apparatus. 

The fact that the minute changes of muscle tone which accompany 
speech are associated with electrical potentials enables the electromyo- 
graph to be used to investigate these movements, as well as to study many 
of the features of the silent processes which are made as a preliminary 
to audible speech. 

A detailed analysis of the nervous changes preceding and preparing 
the words actually spoken constitutes an important part of the psycho- 
logy of this problem. Of that there can be no doubt. 

The present trend in Soviet psychology is to consider internal speech 
as a process of great complexity. This is true of both the changes con- 
cerned in the translation of the thought into the spoken word and of the 
stages and separate phases in the waxing and waning of the verbal ex- 
pression of thought. For this reason any attempt at an accurate analysis 
of the changes preceding and preparing the act of speech represent a cor- 
rect approach. If the use of the electromyograph gives any information 
whatsoever as to the nature of these silent reactions, its use will have been 
abundantly justified. 

The foregoing are the general considerations concerning the possibil- 
ities of the application of electromyography to the study of speech. 

It can thus be seen that the principal task was to use the muscular 
potentials generated in speech to reflect the changes in tone associated 
with internal speech. 

What published information is there concerning these mechanisms? 

Muscular potential changes arising as a result of various forms of 
mental activity have been frequently investigated. We refer to the works 
of Jacobson, Allers, Sheminskii, Davis, Bychkov, and many others. How- 
ever, in most of these studies the effect of mental activity was investigated 
only as affecting the limbs. Studies of the muscles of articulation are rarely 
found in either Russian or foreign publications. 

The first Soviet author to work in this field was Iu. S. Iucevich of the 
A.M.N. S.S.S.R. Institute of Neurology. The present study is a follow-up 
of her work, and makes extensive use of the methods she used several 
years ago. She also helped in obtaining the present results. 

A two-channel oscillograph giving high distortionless amplification 
over a wide frequency range was used for recording the electrical changes. 
Both the normal type of electrode applied to the skin and others of special 
construction were used. Recordings were made from various muscles of 
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the articular apparatus, chiefly from the muscles of the lower lip, as well 
as from thos2 of the distal part of the arm. 

In selecting subjects we were guided by the following considerations. 
In a modern speech defect clinic various forms of organic and functional 
disturbance corresponding to the various facets of speech activity are 
represented. Because of this, a study of speech disturbances frequently 
allows information about functions and features of verbal activity to be 
inferred which could not be found by studying normal subjects. 

On this account we investigated both healthy subjects and patients 
with organic and functional speech disorders, including aphasia and hys- 
terical mutism. Altogether more than 50 subjects were tested. 

In all cases the EMG record was made by assigning various experi- 
mental speech tasks which the subject had to carry out silently, and these 
were based on a preliminary psychological study of the subject. In patients, 
the nature of the task was based on a clinical and psychological study 
of the speech defect. 

Studies of the normal subjects will be reported first. 

The following are the three principal features which are shown: 

If a normal subject finds a given verbal task simple, then when per- 
forming it silently, only the very slightest increase of the amplitude of the 
potentials above normal in the lip muscles can be recorded. Usually no 
definite changes can be recorded from the hand muscles (Fig. 1). 

If the task presents some difficulty, then the increase in the potentials 
in the lip muscles becomes much more marked (Fig. 2). One particular 
set of experiments showed that the factor chiefly responsible for evoking 
these electrical changes was the difficulty of the thought rather than the 
articulation. 

In cases where the subject adopted a negative attitude to the experi- 
ment, for example when he was tired or when compulsion was applied, 
etc. the increase in the amplitude of the potentials in the muscles might 
not occur during the execution of the verbal task, although the problem 
would be correctly solved. However, quite frequently in such cases a con- 
siderable increase could be observed in the electrical activity of the flexors 
and extensors of the wrists (Fig. 3). 

The results obtained in tests on patients with organic speech disorders 
show certain differences in comparison with the normal. The following 
points are to be noted. If a speech task which involves some specific dif- 
ficulty associated with his defect is given to a patient, as a rule this causes 
a considerable increase in the amplitude of the lip muscle potentials (Fig. 
4). If the task is clearly beyond his powers, then instead of the normal 
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Fic. 1. EMG recorded in a normal subject both at rest and when solving a simple 

mental task (repeated subtraction of 3 from 100) (a) and (b) EMG of lower lip and 

extensors of fingers of right hand at rest; (c) and (d)—ditto during solution of problem 
Time marking on each trace, and in subsequent traces, 50 cycles/second. 






Nee UML A LA LALA LLAMA LALA AAMEA CIAL CAIS AA AALARCTARAUAMTARAIOYAAAAIO AIC LAANG 


(a i ynibeernbenimnwirenty Nfl 


[10 mV 
- wach yirteniet mit patie 


NU ALAR i RY 


[!0. mv 


5 ent etre NA 


Fic. 2. EMG recorded in normal subject both at rest and during a difficult mental 
task (reading a text consisting of jumbled words and letters) (a) and (b) -EMG of lower 
lip and extensors of fingers at rest; (c) and (d) ditto during solution of problem. 
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Fic. 3. EMGs recorded in a normal subject having a negative attitude to the experi- 
ment. (The subject was invited to read “‘to himself” a text having missing words and 
letters —a task which he carried out unwillingly). Upper oscillogram: EMG of lower 
lip; lower: EMG of finger extensors of right hand. The beginning of the task is indi- 
cated by a mark on the time line at the upper left part of the figure. 





Fic. 4. EMGs recorded in patient with syndrome of amnesia and aphasia of vascular 
origin; recordings made at rest and during execution of difficult task (naming in 
thought an object represented on the card shown) 

(a) and (b)— EMG of lower lip and finger extensors (on the functionally “uninvolved” 
side) during rest; (c) and (d)-— ditto during solution of problem. 


amplification of the potentials during the attempted solution there may 
be an actual reduction (in comparison with the initial resting conditions), 
whereas in the hands there may be a marked increase in the amplitude 
of the potentials. After some practice in the task, the normal type of po- 
tential change is once more recorded (Fig. 5). 
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Fic. 5. EMG recorded in patient with syndrome of severe motor aphasia of vascular 

origin at rest during unwilling execution of a taks which he found difficult —the 

mental repetition of a word pronounced by the experimenter, and during the satis- 
factory execution of the same task after preliminary instruction 

(a) and (b)—EMG of lower lip and finger extensors (on the functionally “uninvolved” 

side during rest); (c) and (d)—the same during attempts to carry out the task without 

preliminary instruction; (e) and (f)—ditto during fulfilment of task after instruction. 


In patients with aphasic disturbances, the usual response is that of 
a “disinhibition” of the EMG as recorded from the lips at rest, i.e. the 
potentials increase in comparison to the normal mean amplitude; the 
shape of the electromyogram also changes. It is particulary interesting 
to note the tendency to increased electrical activity which occurs in the 
hand and arm muscles in patients who are using writing as a method 
of compensation for a speech defect. 
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What results were found in a case of hysterical mutism where the 
disturbance was purely functional? If such a patient was asked to pro- 
nounce mentally any of the words which were affected by his condition 
of inhibition, 1.e. any of the words which he could not pronounce aloud, 
then in many cases it was possible to observe a reduction in the amplitude 
of the lip potentials as compared with the resting condition. When the 
request was repeated insistently by the experimenter, the depression of 
the potentials became even more marked (Fig. 6). 
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FIG. 6. EMGs recorded in patient with syndrome of hysterical mutism during rest 

and during the task of mental pronunciation of one of the words which he was unable 
to pronounce aloud. 

(a) and (b)—EMG of lower lip and finger extensors of right hand during rest; (c) and 

(a)—ditto during taks of mental pronunciation of one of the words affected by the 

inhibition; (e) and (f) —ditto during repetition of insistent request to carry out the task. 


A second characteristic feature was also found in functional cases. 
In organic speech disturbances and in normal subjects, the extent of 
the increase in the amplitude of the potentials was associated in a definite 
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Fic. 7. EMGs recorded during fulfilment of the same speech problems by patients 
with different types of speech defect 

(a) and (b)--EMGs in patient with syndrome of motor aphasia recorded from finger 

extensors and lower lip during execution of simple task (finding picture named by 

experimenter on card); (c) and (d)—ditto during execution of difficult task (mental 

repetition of a word pronounced by the experimenter); (e) and (f)—-EMGs in patient 
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way with the degree of difficulty of the task assigned. This relationship 
was clearly brought out by the EMG recording when the series of tasks 
was made to increase gradually in complexity. In functional disturbances 
no such correlation could be found. 

Thus the results obtained in investigating organic and functional speech 
disorders show that, as with normal subjects, the effect on the EMG 
must be considered in relation to the difficulty of the task and to the at- 
titude of the subject, but that the effect of these factors on patients is not 
the same as on normal subjects. 

The dependence of the potentials in the articular muscles on the dif- 
ficulty of the verbal task was the basis of the method used in our investiga- 
tions for revealing small individual features of the speech mechanism. 
Since different features of the tasks will affect the various structural de- 
fects unequally, the electromyogram may be used to find just which fea- 
tures of the speech of a particular subject are a consequence of the ab- 
sence or of the reduced availability of certain of the normal components. 
The same information also allows us to obtain information about the 
fine structure of speech and about changes in this structure occurring 
under the influence of various factors. 

We have realized this in electromyographic studies by selecting prob- 
lems appropriate to patients with clinically distinct types of aphasia. With 
appropriate choice of problem, the electromyographic indices character- 
istic of each particular type of speech disturbance may be observed, since 
the solution of particularly difficult problems in one form of aphasia 
causes EMG changes which are quite distinct from those associated with 
similar problems in other types of structural speech defect (Fig. 7). 

It must be noticed that in this figure only, the electrical activity of 
the lips is shown in each of the six photographs of the lower but not of 
the upper oscillogram. In all cases the transition to a task which presented 
a difficulty for the particular speech defect involved is accompanied by 
a sharp rise in the amplitude of the oscillatory potentials. 

In these cases the differences between the different lines of the clectro- 
myograph indicate only coarse features which were already apparent 
Pane 
with syndrome of sensory aphasia recorded from finger extensors and lower lip during 
execution of simple task (mental repetition of a word pronounced by the experimenter); 
(g) and (h)—ditto during execution of difficult task (finding picture on card of object 
named by experimenter); (i) and (j) -EMGs in patient with syndrome of amnesia and a- 
phasia recorded from flexors of fingers and from lower lip during execution of simple 


task (finding picture corresponding to object named by experimenter); (k) and (I)—ditto 
during execution of difficult task (mentally naming an object drawn on a card). 
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before using it. In many other cases the differences revealed by the EMG 
may be used to reveal finer details which were either not manifest before 
or about which there was some doubt. We will give two typical examples. 

Two patients who might be thought to show different degrees of in- 
volvement of the internal or silent speech mechanism were told to name 
“‘to themselves” the object represented on a card. Subsequent questioning 
showed that both patients solved the problem incorrectly, but the electrical 
activity shown during the solution was different in the two patients: in 
one there was a sharp and in the other a very weak increase in the am- 
plitude of the potentials (Fig. 8). 

Subsequent investigation showed that the patient in whom the sharp 
increase occurred usually made poor use of the inner speech mechanism 
when solving problems, while the patient who did not give this response 
found problems of this type much more manageable. 

This observation shows that a study of the EMG during the solution 
of a problem may allow a more correct interpretation of the nature of 
any speech defect than if the diagnosis was to be based only on the results 
of a purely verbal examination. In this case, the EMG helps towards 
understanding the nature of the defect, thereby supplementing and am- 
plifying its psychological analysis. 

Another example in which fine details of a speech defect were revealed 
through the use of the electromyograph is the case of a patient who solved 
the same problem at different stages during the restoration of his speech. 
In this kind of case the changes in the general clinical and psychological 
condition of the patient usually run closely parallel to those shown by 
the electromyograph, so that both improve together (Fig. 9). A feature 
of particular interest is that if in such a case, during the late stages of 
restoration of speech the patient fails to carry out a particular task set, 
nevertheless the kind of potentials occurring during the attempted solu- 
tion may be more nearly normal than when the same task is attempted 
at an earlier stage of recovery (Fig. 10). 

Examples of this kind show that the data obtained from the electro- 
myograph may be of use in revealing very slight speech disturbances. 
The results obtained are evidently to some extent specific because they 
may reveal changes which could not always be detected by means of purely 
verbal examination. 

The indication which we have used has been the increase in the am- 
plitude of the EMG potentials which reflect the physiological changes 
in the innervation and functional condition of the effector organs—the 
so-called motor units. This may be interpreted in two distinct ways. 
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FIG. 8. EMGs of patients with profound and mild disturbances of ‘‘internal’’ speech. 
{a) and (b)— EMGs of lower lip and of finger flexors in patient with profound disturbance 
of “internal” speech (amnesic aphasia) recorded at rest; (c) and (d)—ditto during 
execution of task involving “internal” speech; (e) and (f)—EMGs of lower lip and 
of finger extensors recorded in patient with slight disturbance of “internal” speech 
at rest; (g) and (h)—ditto during execution of task involving “internal” speech. 
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Fic. 9. EMGs recorded in a patient with motor aphasia during solution of the same 
problem at various stages during recovery 

(a) and (b) —-EMGs of lower lip and of finger extensors recorded at rest when the treat- 

ment was started; (c) and (d)—while carrying out a verbal task; (e) and (f)—record 

taken from the same points at a later stage during recovery and under resting condi- 

tions; (g) and (h)—ditto while carrying out verbal task; comparison of (e) and (g) show 

no increase in amplitude of the potentials during successful fulfilment of verbal task 
during the later stages of speech recovery. 
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Fic. 10. EMGs recorded in one patient with motor aphasia during solution of the 
same problem at an early and late stage of speech recovery; the latter was a phase 
of “chance” error 
(a) and (b)—EMGs of lower lip and of finger extensors during execution of difficult 
verbal task (mental repetition of a word pronounced by the experimenter) at the 
beginning of treatment; (c) and (d)—ditto at a later stage of speech recovery. 
Comparison of (a) and (c) shows that during the late recovery stage, no increase in 
amplitude occurs, even though because of a slip, the task set was not correctly carried 
out. 


It may be that the increase in amplitude is a reaction which ts con- 
nected in some way with the activity of the second signalling system, but 
nevertheless does not form an essential part of it; in other words the changes 
in the EMG are related to speech in the same way as, for example, is an 
increase in sweat secretion, bodily conductivity, or a vasomotor reaction 
which occur in a perfectly regular manner when speech difficulties are 
encountered. 

There is, however, a second possibility. These tonal changes may be 
thought of as being associated with speech, not only by occurring at the 
same time but as being a part of the speech mechanism and reflecting 
the innervational processes involved in articulation. According to this 
view, changes in the amplitude of the potentials associated with speech 
difficulties are not mere indicators of the degree of difficulty, but occur 
simultaneously as an actual expression of the nervous activity involved 
in the very act itself. 
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One observation allows us to distinguish between these two possibil- 
ities. We tried to find to what extent the potential changes occurring during 
difficult tasks are characteristic of the different muscles of the articular 
apparatus. To do this, we compared the EMGs recorded under such con- 
ditions as those described above, from both lips, cheeks, base of mouth, 
and various closely related muscular structures. From these traces it could 
be scen that the changes which interest us occur most markedly in the 
lip muscles, i.e. in the groups whose articulatory function is most fully 
differentiated (Fig. 11). 
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Fic. 11. EMGs in a normal subject during mental execution of verbal tasks taken 
from neck muscles (a) and upper lip (b); (c) and (d)—records taken under identical 
conditions and from the same points simultaneously. 


In this respect, therefore, the muscles of articulation resemble those 
of the limbs, since in the latter the changes in muscle tone caused by ac- 
tivity of the second signalling system are more clearly marked in EMG 
records taken from the more distal parts of the upper extremity, i.e. from 
the muscle groups involved in fine specialized movements. 

This selective localization of alterations in tone accompanying verbal 
thought appears to us to constitute an argument in favour of the second 
of the two views described above, i.e. it shows that these fine changes 
in tone should not be considered merely as indications of the speech dif- 
ficulty but should be interpreted as processes closely linked with thes phys- 
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iological mechanism of the very act of speech, and as essential functional 
components of this act. 

In the present communication we have presented results which il- 
lustrate only some of the possible applications of electromyography to 
the investigation of speech mechanisms. There is no doubt that the range 
of possibilities extends much further than the ground covered here. The 
use of the EMG to evaluate the difficulty of a verbal task may be useful 
in explaining all kinds of speech activity mechanisms. By applying this 
method to psychological experiments we can not only obtain more precise 
information on just what speech components are preserved or involved. 
We can also obtain a clear idea of the affective attitude of the subject 
during the tests, and the role and the degree of activity of the different 
elements of the articulatory apparatus involved in speech can be com- 
pared, and this is of considerable importance in speech therapy; we can 
assess the value of various methods, such as articulation, as methods 
for compensating speech defect. Finally, the use of electromyographic 
investigations in the speech clinic may enable us to solve a number of 
important clinical and psychological problems. 

All these considerations indicate that serious attention must be given 
to extending the applications of electromyography in speech studies. 


Translated by H. ASHER B.A. 
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ELECTROPHYSIOLOGICAL INVESTIGATION 
OF SPEECH * 


L. A. NOVIKOVA 
Institute of Defectology, Academy of Paedagogical Sciences of the R.S.F.S.R., Moscow 


THE first statement about the reflex nature of the thought process was 
made by IJ. M. Sechenov in his well-known work “Brain Reflexes’. Se- 
chenov’s great achievement consisted in producing the idea of the direct 
relation between thought and the speech reflexes. He wrote: “At least 
I know that in my own case while my mouth is closed and motionless 
my thoughts are often accompanied by internal speech, i.e. by movements 
of the tongue and oral cavity. In every case when I wish to give priority 
to one thought over others | invariably express it in a whisper” (3; 151]. 

The study of speech reflexes was subsequently developed further by 
J. P. Pavlov. He pointed out the part played by the kinaesthetic impulses 
in bringing about reactions associated with the second signalling system. 
These impulses pass from the speech apparatus into the cerebral cortex, 
and as Pavlov explained, represent the “basic component of thought’. 

There have been various experimental approaches to the problem of 
demonstrating the leading part played by the kinaesthetic impulses in 
mediating the second signalling reaction. One has consisted in making 
a study of the higher cortical processes under conditions in which motor 
control has been partially eliminated. Thus Sokolov [4] found that there 
was considerable difficulty in understanding and remembering a text when 
the speech organs of the subject were occupied in pronouncing words. 
From these observations he concluded that thought cannot take place 
in the absence of the so-called “internal speech” and that the thought 
processes of an adult are built up on the basis of a shortened “condensed” 
internal speech. 

The experiments of L. K. Nazarova on young schoolchildren showed 
that when speech movements were partially excluded by pressing the 
tongue with the lips, there was some interference with complex forms 


* Conference on Psychology, 1-6 July, 1955 (Materialy soveshchaniya po psikhologii, 
1-6 iyulya 1955 g.), pp. 337-351. Acad. Paed. Sci. of R.S.F.S.R., Moscow, 1957. 
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of cortical activity [2]. Still more serious disturbances of the higher proces- 
ses on compressing the tongue were found by A. R. Luria in patients 
with damage to the kinaesthetic areas of the cerebral cortex. Tests applied 
to these patients showed just which thought processes were most disturb- 
ed by elimination of tongue movements. 

While this type of investigation is no doubt valuable, the possibility 
of objective recording is of considerable interest. 

The first work of this kind was that of Cartis, 1899, followed by that 
of Courten, 1902, who recorded tongue movements using a pneumatic 
drum. Wycoikowski, 1919 *, placed the tongue in a small glass balloon 
connected with a kymograph. Thorson, 1925, used a complex system of 
levers for recording tongue movements. The results obtained by these 
authors led to no clear conclusion as to the part played by these move- 
ments in the thought process, and this is partly due to the fact that they 
used cumbersome apparatus of high inertia which made the investiga- 
tions very difficult. 

In 1930 Jacobson [6], using a string galvanometer, first recorded the 
action potentials of the tongue muscles and observed an increase in electri- 
cal activity when counting “to oneself”? and during the solution of arith- 
metical problems. In 1935 A. M. Fonarev, a student at Moscow Uni- 
versity, working in A. N. Sokolov’s laboratory, used a special method 
for recording tongue movements which allowed small changes of muscle 
tone to be observed, but which required complicated apparatus. With 
this method the author has succeeded in recording tongue movements 
during various thought processes. 

From what has been said above it follows that the best method of 
objective study of speech movement is that of recording the electrical 
potentials of the tongue muscles. By using high gain amplifiers, it is pos- 
sible to detect tensions in the tongue muscles which are associated with 
the corresponding speech mechanisms. By using several oscillographic 
channels it is possible also to record the electromyograms of any muscle 
as required. With these considerations in mind we chose the electrophys- 
iological method of investigation. 

Our object was to study speech movements in subjects with normal 
hearing and in deaf and dumb patients. The studies made on deaf and 
dumb subjects using sign language to communicate with each other are 
of particular importance in connection with the part played by these move- 
ments in the thought process. Here, in addition to oral movements, the 


* The work of Cartis, Courten and Wycoikowski is given as reported by Sokolov [4]. 
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more accessible finger movements may be used, because in deaf and dumb 
subjects using sign language this takes the part of the equivalent speech 
process. 


METHOD 


Special electrodes were constructed for recording the electrical poten- 
tials of the tongue muscles. These electrodes consisted of small suckers 
inside which were fixed a hook-shaped loop of silver wire 5 mm in di- 
ameter. The bent surface of the hook came into contact with the tongue 
and allowed potentials to be led off from it; a 0-2 mm enamelled wire 
soldered to the hook was taken to the input stage of the amplifier. The 
sucker itself consisted of the end of the rubber teat of a glass pipette stretch 
ed over a flat metal ring having external and internal dimeters of 1-2cm 
and 0-6cm (Fig. 13. For bipolar recordings, two of the electrodes were 





FIG. 1 


placed on the dorsum of the tongue at a distance apart of 2-5-3 cm. Owing 
to the suction force, the silver electrode remained firmly pressed against 
the surface of the tongue and was not disturbed by movements. In all 
the experiments, the subjects were placed on a couch and told to arrange 
themselves comfortably so that the body and tongue muscles were relaxed. 
After a few minutes of training, most subjects managed to achieve a fairly 
relaxed condition of the tongue so that the resting potential could be 
recorded. In some cases continual movements of the tongue occurred, 
and in these cases the experiment had to be abandoned. In many experi- 
ments, besides measuring the electrical potentials of the tongue muscle, 
recordings were also made of the potentials of the flexors or extensors 
of the fingers of the right hand. For this purpose two round lead plate 
electrodes 8-10 mm in diameter were placed on the dorsal surface of 
the forearm. Recordings of the tongue and hand muscle potentials were 
made using a four-channel ink-writer from the Experimental Works of the 
U.S.S.R. Academy of Medical Science. 
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TESTS OF SPEECH MOVEMENTS IN ADULTS 
WITH NORMAL HEARING 


The first set of experiments was carried out on adult subjects with 
normal hearing. The object was to study speech movements during various 
kinds of mental activity. 

In all, 11 subjects were investigated. Usually the experiments started 
by recording tongue muscle potentials generated by counting aloud, and 
this allowed the correct placement and fixation of the electrodes to be 
checked; after this, various tasks were assigned. A marker was used to 
indicate the beginning and end of its execution (Fig. 2). 

The first operation to be performed was to count mentally up to 10. 
The results obtained are shown in Fig. 2, a. The first part of the curve 
represents resting potential and shows that the initial tone of the tongue 
muscle is quite low. During the counting, the amplitude of the potentials 
increases considerably. At the end of the count the curve returns to its 
initial level. 

Thus in this first arrangement of the experiment it was possible to 
discover how mental operations (mental counting) lead to an increase 
in the potentials of the tongue muscle, and to obtain information about 
the increase in speech movements. 

Similar results were obtained when mentally reciting the months, or 
days of the week, or poems. Interesting results were obtained in experi- 
ments on remembering groups of numbers and words. The subject was 
told to look for a few seconds at a board carrying figures or words. After 
this the board was removed and the subject pronounced aloud what he 
had been able to remember. Fig. 2, 6 shows the strong impulses from 
the tongue muscle recorded during the period of memorizing. Usually 
in such cases there is a greater activity during the memorizing of words 
than there is in the case of figures. 

In studying a number of curves we were struck by the following feature: 
in several of the subjects there was an increase in the amplitude of the 
potentials recorded from the tongue even while listening to the instruc- 
tions. Thus, for instance, one subject was told to multiply 125 by 7. It 
can be seen from Fig. 2, c that there was a considerable increase in the 
potentials from the tongue while the problem was being presented to him. 

Most of the experiments involved solving arithmetical problems. One 
of the curves obtained in this way is shown in Fig. 2, d. It can be seen 
from the electromyogram how sharply the action potentials of the cur- 
rent increased during the solution of one of these problems, which con- 
sisted of multiplying together a pair of two-figure numbers. The burst 
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of impulses at the end of the record occurs when the subject announces 
the answer aloud. 

Fig. 3 shows the electromyograms of the tongue in a single subject 
who has been set arithmetical problems of various degrees of difficulty. 
It can be seen that the potentials increase in proportion to the difficulty 
of the task. In this experiment, besides leading off potentials from the 
tongue, the electrical activity of the cerebral cortex was also recorded. 
During the solution of a difficult arithmetical problem, a depression of 
the activity of the brain could be seen to coincide with the period of ac- 
tivity in the tongue. 

An increase of impulses from the tongue muscles was also found on 
increasing the complexity of the task in experiments involving memorizing 
one or two digit figures. The same differences can be found in the electro- 
myogram of the tongue in the case of mentally repeating the days of the 
week or months directly or in reverse order. 

In connection with Sokolov’s experiments [4] mentioned above, tongue 
electromyograms recorded while a dominant centre was established are 
of particular interest. To make these recordings, the subject was instructed 
to carry out some mental process and at the same time to tap out the 
rhythm of a tune by hand. Fig. 4, a is a curve showing the increase in 
potentials from the tongue during the solution of the arithmetical problem. 
After this, he was told to solve a simpler problem but at the same time 
to beat time to a tune with his hand (Fig. 4, 5). In spite of the fact that 
the second problem was the easier of the two, the time taken to solve 
it was longer and the potentials of the tongue muscles were greater, which 
indicated an increase in the number of motor impulses. 

Fig. 3, d shows simultaneous recordings of the electroencephalogram 
(first line) and electromyogram of the tongue (second line). It can be seen 
that the increase in the electrical activity from the tongue coincides with 
the depression of the electroencephalograph. 

From the first set of experiments described above we concluded that 
the method used was suitable for the study of speech movements. Owing 
to the firm fixing of the electrodes it was usually possible to make uninter- 
rupted observations of changes in the tongue muscles during rest, during 
various mental tasks, and also during the spoken replies. 

The results are collected in Table 1 and clearly show the speech kin- 
aesthetic effects in response to various kinds of mental activity. From 
the table it can be seen that during the execution of simple tasks, such 
as mentally counting up to 10, reciting poems, or solving simple arithme- 
tical tasks, some subjects showed no increase in the tongue potentials 
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TABLE 1. Expression of verbal movements during various, mental operations 
aa during manual speech 
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Tongue | Tongue Total No. of |No tongue 








! Cases in- | OVS MOV€-" ‘cases showing | move- 
Task set ivestigated SOS ments verbal move-;} ments 
ft. well not well ments shown 
shown shown 
io | | _ 
Mental counting | 9 4 | 2 6 3 
Mental pronunciation of | | 
poem 11 | 5 3 8 3 
Mentally naming months | 
in sequence 7 | | | 2 3 | 4 
The same in reverse | 17 4 l | 5 2 
Problem of Ist degree of | 
difficulty 13 5 4 9 | 4 
Problem of 2nd degree of | 
difficulty io | 2 3 Is | 4 
Problem of 3rd degree of | | 
difficulty 26 | 20 5 25 1 
Manual speech 14 : 8 1 9 5 
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and so gave no objective sign of active speech movements. Clearly— 
as A. N. Sokolov said, in the performance of simple mental tasks by lit- 
erate adults, verbal movements may be abortive or smothered: in these 
cases it may be impossible to record activity from the tongue muscles 
even using a sensitive oscillographic method. Evidently it is also possible 
that verbal movements may be absent during simple mental operations, 
owing to the formation of a stereotype. On the other hand, when the 
task is made more complicated it is almost always possible to observe 
well marked oral movements (as found in 25 out of 26 cases of solving 
complex arithmetical problems). Here we must once more recall what 
I. M. Sechenov said about the necessity the individual has for some sort 
of speech movements when engaged in complex mental tasks (3; 151). 
One striking feature of the results was as follows. Out of 11 subjects 
tested, 8 were adult literate people having had school or higher educa- 
tion, and 3 were illiterate. In these 3, the increase of potentials from the 
tongue was particularly well shown and occurred in all the tasks set. 
Clearly manifest verbal movements occur more frequently in illiterate 
than in educated people. This observation suggests thar it would be pos- 
sible to use the method of recording electrical potentials from the tongue 
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muscles to study the evolution of the habit of oral movements during 
the development of the child. It is likely that this would give information 
as to how the mechanism was gradually elaborated during the process 
of mastering the language and during the acquisition of other knowledge. 
It would seem to be useful to employ the method of recording muscle 
potentials to study afferent pathways associated with speech, and to use 
it also for the purpose of developing temporary linkages in children with 
impaired development. 


STUDY OF VERBAL MOVEMENTS IN DEAF-MUTE 
CHILDREN * 


As has been described above, tests of speech movements made by 
recording electrical potentials from the tongue muscles sometimes fail 
because of the very high mobility of the tongue and because of its tonus. 
It therefore seemed well worth while to investigate deaf-mute children 
who had been taught sign language as well as true speech and writing. 
These children could not only speak and write but could also use the 
deaf and dumb hand alphabet. It was clear that besides kinaesthetic im- 
pulses from the speech organs and from hand movements in writing, 
deaf and dumb children who had learned the sign language might be 
expected to show impulses from the fingers when using it. Thus verbal 
movements could be studied in both tongue and finger muscles in deaf- 
mute children who had been taught speech and sign language. 

In all these experiments simultaneous recordings were always made 
of the electrical activity of both tongue and hand muscles. The tasks were 
presented in writing, using boards hung in front of the subjects. The move- 
ments were investigated among pupils of Classes I-VIII of a school for 
deaf-mutes. The tests revealed that when they were learning the language 
not only in the written and spoken from but also in the form of the hand 
alphabet, there was an increase in potentials from muscles of both tongue 
and hand. The traces which illustrate this are shown in Fig. 5. The sub- 
jects were given a problem in mental arithmetic (Fig. 5, a and b), or were 
told to remember a group of figures (Fig. 5, c). In both cases there was 
a marked increase of muscle potentials from the tongue and the hand 
both at the time of performing the task and during the verbal reply. 

Thus tests on deaf-mutes and on normal subjects reveal an increase 
In tongue muscle potentials which is evidently to be interpreted as an 
indication of the development of oral movements. 


* This section of the work was carried out together with S. A. Zykov and F, F, Rau. 
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However, in dumb children who had been taught both verbal speech 
and the hand alphabet, besides an increase in potentials from the tongue, 
there was also an increase recorded from the hand muscles. This shows 
still more clearly the presence of speech movements during different kinds 
of mental work. 

From the curves shown it can be seen also that in children with oral 
and manual speech there is a “co-operative” spread of the excitation 
to include both tongue and hand muscles, and this indicates the activity 
of a single functional system within the motor speech analyser. The forma- 
tion in deaf-mute children of a single system embracing finger and tongue 
movements may be understood in terms of Ukhtomskii’s conception of 
constellations [5] and Anokhin’s idea of functional systems [1]. The func- 
tional system of tongue and finger movements develops in deaf-mute 
children during instruction, and appears to be a direct consequence of it. 
Simultaneous instruction in both sign language and speech has the result 
that deaf-mutes pronounce a word and make the sign for it at the same 
time, and conversely when making the sign they also pronounce it verbally. 
The following curves will serve to illustrate the fact that the functional 
system of tongue and finger movements develops simultaneously during 
the instruction of deaf-mutes in verbal and manual speech. 

Figure 6 shows electromyograms from the tongue and hand of a deaf- 
mute taught both oral and manual speech, and of another who was taught 
oral speech and writing but not sign language. The upper curve (Fig. 6, a) 
is that of the teacher of the first year class in a deaf and dumb school who 
could use both oral speech and sign language; here it can be seen how 
the traces correspond by showing an increase in tongue and hand muscle 
potentials during the execution of the task (memorizing cards); by con- 
trast, in another teacher of the first class who had been taught only verbal 
and not manual speech, as would be expected, there was an increase only 
from the tongue muscles while the task was being performed (Fig. 6, 5). 

The close relation between the tongue and finger movements, and the 
formation in deaf-mutes of a single functional system is also demonstrated 
by the following experiment. A teacher of the eighth class of the school 
for deaf-mutes was set the task of expressing manually the phrase “Today 
the weather is fine’. Fig. 6, c shows how while expressing this idea with 
her hands, potentials were developed from the tongue muscles. Thus 
in the deaf children who can use both oral speech and the manual alphabet, 
although when communicating with each other they chiefly use gestures 
and manual speech, the movements of the tongue are so closely associated 
with those of the fingers, and the two are so closely linked to form a single 
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FIG. 6. a — Bursts of potentials in muscles of tongue and hand while memorizing figures and during spoken reply in teacher 

of Class I in a school for deaf-mutes; the teacher had learned oral and manual speech; b— appearance in same problem 

of bursts of electrical potentials in muscles of the tongue only in another teacher of Class I in a deaf-mute school who had 

been taught oral speech only and not manual speech. Upper line —Electromyogram of tongue; second line —electromyogram 
i from hand. 
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functional system, that when contractions 
take place in the fingers, they also occur 
at the same time in the tongue. 

We decided to follow up this exper- 
iment by investigating the relationships 
between tongue and finger contractions 
in normal subjects who could use manual 
speech. 

Figure 6, d shows the curves obtained in 
this experiment. The trace shows how, 
when told to express some idea with the 
hands, unlike deaf subjects, people with 
normal hearing start by producing contrac- 
tions in the tongue, and then later begin 
to move the hands. Also it can be seen on 
both curves that the potentials from the 
tongue are best shown at the onset of 
the hand movements and become reduced 
subsequently; however, it is interesting 
to note that they once more show an in- 
crease when the manual expression has 
been completed. 

Thus in subjects with normal hearing 
who use manual speech frequently, for 
instance in teachers in schools for deaf- 
mutes, functional systems may also be 
developed in which tongue and fingers 
are united into a single functional system. 
However, examination of the curves shows 
that here the chief part (P. K. Anokhin’s 
“initiating afferentation’”’) is that of the 
tongue. In manual speech, in subjects 
with normal hearing, movements start 
first in the tongue and then in the fingers. 

Examination of the curves obtained 
in the experiments allows one important 
conclusion to be reached concerning the 
problem of the interaction of the mecha- 
nisms controlling tongue and finger move- 
ments in deaf-mute children who have 
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been taught both manual and oral speech. In many cases it can be seen 
that the “combined operation” of the excitation of tongue and hand 
muscles in deaf-mutes with oral and manual speech is particularly well 
shown when speaking aloud (Fig. 5, c, Fig. 6, a and b). The almost 
complete coincidence of the bursts of impulses recorded from tongue 
and hand muscles can be seen in Fig. 7, which is a record taken from 
a Class V teacher of a deaf-mute school who was asked to count aloud 
up to 10. Evidently, in deaf-mute children taught both languages, during 
different kinds of activity (mental operations and oral speech) various 
relations between tongue and finger movement control in the speech 
movement analyser are possible. 

The problem of the relation between lingual or digital movements 
in deaf children and their age, state of education, and individual pecu- 
liarities is particularly important in relation to the theory of education 
of the deaf, and must be studied further. 

c€2 


CONCLUSIONS 


1. An electrophysiological method has been described which allows 
minute movements of the tongue to be recorded during various kinds 
of mental activity and for the associated control mechanism to be de- 
termined. 

2. During various mental operations, as for instance counting “‘to 
oneself”, solving arithmetical problems, memorizing words and figures, 
a noticeable increase in tongue muscle potentials is recorded, and this 
is a definite indication of an increase of verbal movements. 

3. On complicating the task set, the muscle potentials increase ac- 
cording to the difficulty of the problem. 

4. Establishing a dominant centre during the execution of the task 
leads to a noticeable increase of tongue muscle potentials. 

5. In some subjects an increase in these potentials is observed while 
they are listening to the problem. 

6. Tongue muscle potentials in illiterate adults observed during the 
memorizing of words and solving of arithmetical problems are shown 
much more strongly than in literate subjects. 

7. In deaf-mute children who have been taught both oral and manual 
speech, an increase in both tongue and finger potentials is found during var- 
ious mental processes. The increase of potentials from both tongue and 
hand muscles affords an even clearer demonstration of the verbal move- 
ments occurring during the thought process. 
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8. Simultaneous recording of electricals potential from tongue and 
hand muscles in deaf-mute children demonstrated that there was a ‘‘com- 
bined operation” in which both sets of muscles were involved, and this ap- 
plied to the performance of most mental operations, particularly when 
speaking aloud. 

9. The simultaneous excitation of tongue and hand muscles during 
various kinds of mental activity in deaf-mutes having both oral and man- 
ual speech shows that a single functional system has developed within 
the motor speech analyser and that this includes the control of both the 
tongue and the fingers. The various ways in which interaction can occur 
depends on the kind of education the subject has had, and will vary ac- 
cording to the kind of task performed. 


Translated by H. ASHER B.A. 
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SECTION 3: LEARNING 


LEARNING AS A PROBLEM 
IN PSYCHOLOGY * 


A. N. LEONTEV 


Department of Psychology, Moscow University 


LEARNING is one of the fundamental problems in the science of educa- 
tion. It is at the same time one of the basic problems in general psychol- 
ogy. The experimental treatment of this problem as one of general psy- 
chology started with the very first investigations on memory. 

An enormous amount of highly significant material on the problem 
of learning has been accumulated by physiologists in the course of the 
past sixty years. The physiology of higher nervous activity, created by 
Pavlov, is—in one of its aspects, of course—the true physiological doc- 
trine on learning. It has very naturally had an enormous positive effect 
on the development of this problem in psychology. 

Despite the very extensive and fruitful research of physiologists and 
psychologists in the field of learning, there are still, however, quite a number 
of important problems in urgent need of theoretical analysis and review. 

It is my intention to touch on some of these problems in this paper. 


1 


The conception of learning is used in a very broad sense. We speak 
of learing to write and count at school; yet we may also say that the young 
child learns to walk or—still earlier—learns to follow objects with its 
eyes. We can, of course, speak of learning with reference to animals: 
animals learn to open a problem box, to go by the shortest route through 
a Jabyrinth and so on. 


We set aside the question of whether such a wide conception of learn- 
ing is valid as an educational conception. In general psychology, as in 
physiology, this wide interpretation of the concept of learning is scien- 
tifically justified. It is sufficient to consider how important the classical 
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investigations of Pavlov, on animals, were for an understanding of the 
mechanisms involved in the process of learning. 

In speaking of learning in this broad general meaning of the word, 
we are thinking of the process whereby the living being acquires its in- 
dividual behavioural experience. Learning in this wide sense is a universal 
phenomenon in living organisms. It occurs wherever there is adaptation 
of the individual in the form of change of behaviour in response to new 
conditions. It constitutes an obligatory and constant condition in the 
lives of both animals and man. 

A more complete definition of learning in this wide sense is, of course, 
possible. One could, for example, introduce into this definition references 
to the absence of learning in the process of behavioural change through 
fatigue or in the process of organ adaptation and so on. Yet this broad 
conception is not essentially changed thereby, and it is not this which 
constitutes the subject of scientific controversy [16]. 

The matter is quite different when we come to deal with the inves- 
tigation of learning in its concrete forms. Here, one can no longer be sat- 
isfied with the notion of learning in its wide sense. The task now is to 
discover specific features in the process of learning, its mechanisms and 
the laws governing it. At the same time these features must be understood 
as arising of necessity in the course of development. In other words, the 
investigation of the learning process must start from the conception that 
this process develops, from the conception that it undergoes qualitative 
changes at genetically different stages and when conditions change. But 
this will not, of course, dispose of the problem of the most general mech- 
anisms and laws of learning. The problem merely emerges as one of the 
initial, genetically primary forms of learning and its mechanisms. 

What then are the most general and genetically the earliest mech- 
anisms of learning? 

Before learning has become differentiated and specialized in its func- 
tions and forms its mechanism coincides with the general mechanism 
for adaptation of the individual’s behaviour. This is, in fact, the mech- 
anism of conditioned connections. 

The concept of the conditioned connection, advanced by Pavlov, is 
well known. I shall therefore dwell only on certain of its aspects. 

First of all, I would draw attention to the intrinsic connection that 
exists between this concept and another in Pavlov’s theory, namely the 
concept of signal stimuli. 

The fundamental fact is that initially the direct, unmediated connec- 
tions of organisms with the external medium ata certain stage in evolution, 


THE PROBLEM OF LEARNING 229 


formed the basis for the development of connections which were indirect 
and mediated. Animals acquired the capacity to react in the same way 
to agents which of themselves had no biological significance for them. 
Agents obtained this significance only by virtue of their connection with 
other agencies on which the existence of the individual or species already 
depended directly. This type of agent fulfilled a signal role for the direct, 
biologically important agent; it became a signal stimulus. Thus, rustling 
sounds acting on an animal are of themselves neutral, but they may be- 
come for the animal a signal of food or of danger. In this case they be- 
come signals orienting the animal in relation to properties of the medium 
which are at that moment hidden from it and are not acting directly on it. 

The formation of a time connection is also the commonest mech- 
anism for change in the organism’s reaction in accordance with the signal 
significances of the stimuli which are experienced in the course of behav- 
iour directed to satisfaction of its needs by the organism. This mechanism 
is also the most general mechanism concerned in the development of the 
organism’s orientation in the surrounding medium, that is, the mech- 
anism for development of reflection and recognition by the organism 
of the properties of the medium and their objective connections and rela- 
tionships. 

As we know, the problem of temporal connections was developed 
by Pavlov and his pupils in respect of the stage in the evolution of the 
animal world at which temporary connections are nerve connections in 
the cerebral cortex. They are in fact cortical conditioned reflexes. 

Pavlov’s classical experiments with conditioned reflexes were directed 
to elucidation of the laws governing movement of the nervous proces- 
ses effecting the conditioned reflex activity of the brain—activity which 
is the physiological basis of all behaviour, including also its most com- 
plex, specifically human forms. 

Another objective was to extend the physiological explanation, based 
on these laws, to the widest possible range of phenomena in normal and 
pathological behaviour and so to create possible ‘superposition “‘of the 
psychological pattern on the physiological canvas’’, of which Pavlov spoke. 

These are interconnected but not simply identical tasks. 

Here it may be noted that the classical arrangement of Pavlov’s ex- 
periments with salivary reflexes corresponds directly with only the first 
of these problems. While it affords the best method of tracing such cer- 
ebral processes as are examined, this arrangement does not reproduce 
the complete structure of the behaviour of the higher animals under nat- 
ural conditions. 
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For experimental demonstration of the laws governing the dynamics 
of nervous processes in the cortex, it was essential that all conditions 
of behaviour should be strictly constant and controllable. This required 
that these conditions should be reduced to the minimum necessary. Con- 
sequently the structure of the actual behaviour of the animal examined 
was also simplified. 

This simplification of the structure of behaviour affected all its links. 
The simple and relatively constant need for food, which could be meas- 
ured easily by the degree of the animal’s excitability, was selected. In- 
different stimuli were then given an artificial character which excluded the 
effect of past experience on the process under examination, and the ori- 
entated reflexes evoked by these stimuli were rendered uniform in direc- 
tion and result. This was achieved by the maintenance of absolute con- 
stancy in the setting of the experiments, by careful isolation of the animal 
from chance effects and by the definite, orderly sequence of the stimuli. 
On the other hand, in the conditions of experiments in which the animals 
were placed in a stand, the actual response reaction (salivary reflex) was, 
as it were, detached from their motor behaviour. As, however, the sali- 
vary reaction manifests itself in a perfectly simple form, its arousal 
neither created any problems nor introduced any changes into the system 
of operating stimuli, such as occur in the case of motor behaviour. Finally, 
a characteristic feature of classical experiments with salivary condi- 
tioned reflexes is that direct reinforcement is used in them. 

This simplification of the entire system of behaviour in the classical 
Pavlov experiment sets us a further problem, namely, that of the analysis 
of behaviour under natural conditions, which 1s always of more complex, 
more extensive structure. 

It must be emphasized at this point that, far from excluding the anal- 
ysis of complex behaviour under natural conditions, Pavlov’s theory 
of higher nervous activity actually suggests transition thereto. 

This theory does not reject anything in the structure of complex be- 
haviour and does not in any way degrade the complex in behaviour to 
the elementary. It analyses complex behaviour. 


2 


It is impossible, within the scope of a paper, to examine all the prob- 
lems arising in connection with transition to the analysis of complex be- 
haviour and which are already present in undeveloped form in the ar- 
rangement of the classical experiments with salivary conditioned reflexes. 
T shall therefore dwell only on some of these problems. 
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First of all there is the problem of the sensory, cognitive link in be- 
haviour. 

Whereas this link is more or less completely undeveloped in the clas- 
sical experiments with salivary reflexes, it inevitably figures in its most 
developed form in the natural conditions of behaviour. | 

Under these conditions the neutral stimuli, which in experiment stand 
out against a specially “‘extinguished” background, give place to a whole 
stream of effects coming from the multiform properties of the innumer- 
able objects surrounding the animal. 

These agencies can acquire significance for the animal only as a result 
of the manifestation of relationships connecting them, and this requires 
a special process, answering to the task of orienting the animals in the 
complex medium surrounding them [18]. It follows, therefore, that the 
presence of developed orienting activity, whether immediate or created 
in past experience, constitutes under natural conditions of behaviour 
the same obligatory behavioural link as the existence of the unconditioned 
orienting reflex to the indifferent stimulus, artificially distinguished from 
the general background in the conditions of the classical Pavlov exper- 
iment. 

The role of this orientational, cognitive link in behaviour is that it 
mediates the final, executive behavioural links. This cognitive link may 
be very largely undeveloped, being restricted by the inborn adaptational 
reaction of the organ-analyser, developed in the course of biological evolu- 
tion, or it may acquire the form of well-developed processes of listening 
or watching and so on, but this link must always be present. 

This, incidentally, is the reason why the Pavlov theory cannot be clas- 
sed with the theories of direct connection between stimulus and reaction, 
and so be set in opposition in this respect to the so-called “‘cognitive’’ 
theories of learning, as is done by many foreign authors [15]. This anti- 
thesis is the more unjustified in that, as Pavlov repeatedly pointed out, 
the development of this very orienting activity in the course of evolution 
constitutes one of the most important conditions for the progressive de- 
velopment of behaviour. 

It must at the same time be emphasized that the doctrine of higher 
nervous activity bases its understanding of the nature and mechanism 
of this cognitive link in behaviour on grounds which are essentially dif- 
ferent from those in the theory of contemporary behaviourists. The lat- 
ter, faced with the impossibility of explaining the true complexity of be- 
haviour completely by means of the simplified S>R schema, introduce 
into their explanation references to this link, which is in the path between 
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stimulus and reaction, as if to the manifestation of a special principle 
intervening in the process of behaviour. 


The Pavlov doctrine provides the investigator with quite a different 
outlook: it reveals this highly complex link as the product of the reflex 
analytical-synthetic work of the brain, controlled by the objective laws 
of nervous process movement, and thus applies to it a strictly determin- 
istic interpretation. 

In this connection I would first recall the results of experiments with 
the formation of conditioned reflexes to compound stimuli and relation- 
ships. Special investigations on the conditioned reflex mechanisms of 
sensory processes, which have now led to the accumulation of a large 
mass of experimental material, bring us still closer to analysis of this link 
in behaviour. Among these reference may be made to the investigations 
of Sokolov and his co-workers, carried out over the last few years in the 
Department of Psychology of Moscow University [14]. It can now be 
regarded as established that even elementary sensations are the product 
of a whole chain of reflexes, including both intra-analyser (intramodal) 
and inter-analyser (intermodal) conditioned reflexes. 

Even more complex are the processes of pure perception which rep- 
resent what may be termed special “‘sensory behaviour’. The feature of 
this behaviour is that in its complex forms it appears to have no effector 
links, that is, it takes place entirely within the system of sensory co7- 
nections. Analysis reveals, however, that these sensory connections and 
relationships are the product of the combination into dynamic systems 
of completely constituted reflexes, the external motor effects of which 
are, however, reduced. Analysis of these more or less stereotyped systems 
also created the picture of, as it were, a purely sensory conception of the 
world, a picture in which there was manifestation of a capacity for direct 
insight into the relationships of the “‘field of perception” {10}. 

At this point we naturally come up against the Gestalt conception. 
Without at the moment discussing this conception as a whole, | limit 
myself to the one observation, that what the Gestalt psychology turns into 
a postulate we regard as a problem for investigation. From the standpoint 
of the theory of learning this means that where structuralism sees a factor 
of learning, we see its product. 


3 


The second great problem that arises on transition from the general 
schema of the conditioned reflex to the analysis of behaviour in natural 
conditions is in regard to its motor, executive link. The conditions of 
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the classical experiments with salivary reflexes ruled out this problem 
as a special one. This did not, however, remove it from the programme 
of investigations. It will suffice to point, for example, to the experiments 
of Konorskii and Miller [9], which were analysed by Pavlov. 

As some foreign authors are inclined to see in the theory of condi- 
tioned reflexes merely a conception based on the simple “substitution” 
of external stimuli, I must mention that, on the contrary, Pavlov ascribed 
a particularly important role, I might almost say a creative role, to the 
motor link, with the central processes produced by it, in the development 
of recognition and behaviour. 

If the adaptation function is to operate effectively, the motor act can- 
not be completely determined solely by the direct effects of the external 
situation on exteroceptors. The effects of these agencies alone can never 
exhaust all the properties, connections and relationships of the actuality 
completely. The motor acts elicited by these effects cannot, therefore, 
lead automatically to the required adaptational result. This is not merely 
a question of the strengthening or suppression of movements by virtue 
of their direct reinforcement or nonreinforcement by the terminal effect: 
it is a question of the readjustment and the perfecting of the very system 
of movements, in accordance with the objective conditions, for the suc- 
cessful accomplishment of the motor act. 

This is one of the problems of extreme importance for the theory of 
learning that was developed by the Pavlov school. Here I am thinking 
mainly of the investigations carried out by Anokhin and his co-workers 
[2]. These investigations enabled us to distinguish the conception of return 
afferentation as long ago as 1935 [3]. 

Return afferentation plays a very important part in the structure of 
behaviour. Investigations have shown that the accomplishment of a motor 
reaction not only requires transfer of the system of excitations evoked 
by the action of the external situation to the effector paths but also presup- 
poses the simultaneous actualization of a special sensory system carrying, 
as it were, the “image of the action” undergoing execution. This “‘action 
image” is the product of return afferentation. By receiving and fixing 
motor behaviour experience within itself, it also plays the role of “‘ac- 
ceptor” in relation to the action being executed (Anokhin). 

The return signals reaching the brain during the performance of a motor 
act are also addressed specifically to this sensory formation. If they are 
adequate, there is acceptance of the movement and the act of behaviour 
continues to evolve. If, on the other hand the return afferentation signals 
arriving are not adequate for the system of excitations in the acceptor, the 
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developent of the act is interrupted, and an orientation reaction de- 
velops in the animal. There is mobilization of the cognitive processes— 
a fresh analysis, a fresh examination of the situation, leading to change 
and development of the specifically cognitive link in behaviour, that is, 
its sensory link turned directly to the external world. 

The discovery of return afferentation and acceptance of action made 
it possible to explain one of the most important phenomena in learning, 
namely, the development of compound motor acts by experience gained 
in their performance, which is the process of developing the act itself. 
And in this, of course, lies the central problem of motor learning. 

Knowledge of the mechanisms concerned in the development of ac- 
tion has also even more general significance for psychology. The analysis 
of behaviour brings us face to face with a dual “‘cyclic’’ relationship: 
the action reveals its dependence on cognition, and cognition reveals its 
dependence on the action. How then is this “‘sensorimotor cycle” inter- 
rupted? Its interruption occurs in the motor, executive part-—-in the ac- 
tion. It is the action that makes active practical contact with the external 
world; coming up against the resistance of real objects, it not only is sub- 
ordinated to them but, figuratively speaking, it “learns” from them. 

If then, we take learning in its initial form, or in its most general fea- 
tures, it emerges as a process consisting of the formation of conditioned 
connections. 

As we have already seen, however, learning has already in the higher 
animals acquired a very complex character, and is effected by special 
functional mechanisms. The general laws governing the conditioned refiex 
activity of the brain retain their validity completely, of course, but the 
development of the aggregate effect of these laws is now subordinated 
to new, more complex laws. These latter laws arise from development 
of those components in activity which, by their interconnections form 
a reflection of the objective world in the brain. 

These are psychological laws. 

At the highest level of behaviour, namely in man, learning acquires 
completely new features. 


4 


It is not merely that the process of learning becomes more complex 
in man. It acquires qualitatively different forms. The important point 
is that in man learning has acquired a new function by virtue of which 
its role has undergone infinite growth. 


THE PROBLEM OF LEARNING 235 


All this is determined by the fundamental change in behaviour and 
in the form of psychical reflection which took place with the appearance 
of man and the formation of a human society based on work [1, p. 452]. 

The pattern of life peculiar to animals, which 1s characterized by adapta- 
tion to the actual external conditions, is replaced by a pattern of life which 
is based on purposeful, premeditated change in these conditions, on their 
creation. The main “unit”? of behaviour becomes action realizing con- 
scious ends. 

The development of these actions engendered yet another new form 
of reflection of activity—its reflection in the form of consciousness. 

Only conscious images, conceptions and ideas can command action 
and be realized in it and can be translated into objective phenomena. 
Thus, the technical idea is realized in the physical construction, the image 
of an object in its depiction, the intention in the actual deed. 

In order that images, conceptions or ideas should be able to fulfil 
this role, it is essential that they should exist for the subject as an activity 
of which he is fully aware, by which he can be guided and by which he 
can act. While still mental, subjective, they must at the same time have 
their objective substrate. This substrate is language, which develops along 
with work. 

Being a product of society, language is objective. For each individual 
the phenomena of language constitute that special system of stimuli which 
Pavlov, of course, termed the second signal system of activity. 

The stimuli which enter into this system are the effects, not of the 
actual properties of objects in the surrounding world, their connections 
and relationships, but of these properties, connections and relationships 
as they are reflected when framed in the sounds and written signs of lan- 
guage. 

The stimuli of the second signal system are not therefore merely con- 
ditioned stimuli of the second order. They differ from first signal system 
conditioned stimuli in that they represent in material form, capable of 
acting on man, the properties and relationships of objects in their gen- 
eralized grouping and detached from the actual objects. It is for this reason 
that these stimuli form for man a special system of reality. This is the 
reality of the knowledge and conceptions of the world elaborated by so- 
ciety, expressed in verbal quantities. This is the reality of social conscious- 
ness. 

Man never stands alone before the objective world surrounding him. 
His connections with the world are mediated by his relationships with 
men, and this renders intercourse with them by language necessary. 
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It is by virtue of intercourse through the medium of language that 
man possesses the knowledge that has been accumulated through many 
centuries of practical human experience. The reflection of the world in 
his brain thus becomes, in comparision with his own narrow direct per- 
sonal experience, immeasurably fuller. This also sets the problem of learn- 
ing in the case of man on a completely new level. 

The main feature of learning in man is the result of the content of 
experience, differing from that of animals, which he acquires in the process 
of learning. 

The behaviour of animals depends on experience of two kinds. There 
is, first, the experience consolidated by heredity in the unconditioned 
reflexes. In its content this is the experience of the species. Secondly, there 
is individual experience, acquired ontogenetically, as a result of the forma- 
tion of conditioned reflexes. 

It is different in the case of man. There is, of course, in man also the 
hereditarily consolidated “species experience. Another problem is that 
this experience occupies quite a different place in the behaviour of man 
and plays quite a different role from that which it plays in the behaviour 
of animals. Further, the behaviour of man, like that of animals, depends 
on the experience which is acquired by him in the course of life. This, 
however, is not merely individual experience, like that of animals. There 
is still another kind of experience which does not exist in the case of an- 
imals;it is species experience (or more accurately, socio-historical experience), 
which is assimilated, however, in the form of individual experience. 

Although the two forms of experience are acquired by way of learn- 
ing, they cannot be mixed. They differ both in content and in the process 
and actual mechanism of their formation. 

It is true, they are in constant interaction—and this point must be em- 
phasized, but it is specifically for this reason that, in the analysis of learn- 
ing, it is particularly necessary to differentiate them. 

The fact that man acquires species experience, the experience of man- 
kind, not by way of inheritance but in the form of individual assimila- 
tion, introduces a decisive change into the whole process of learning and 
at the same time, as I have said, imparts to it a new function. 

This new function of learning is evident in the fact that it changes, 
develops and perfects behaviour. It creates specifically human forms of 
behaviour. Such, for example, are operations with tools, speech activities 
and finally, all thought activities. 

This, too, is also expressed by the further differentiation of learning. 
There is development of learning in the strict sense of the word. This is 
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the learning that occurs in the association of man with other men. It plays 
a decisive role in man. 

It is only in the case of man that learning is converted into a special 
process whereby historically accumulated experience is transmitted from 
individual to individual. Even in the simplest case of the learning of ac- 
tion as when, for example, the young child is being taught to use a spoon, 
the process takes place through the active intervention of the teacher 
in the action which the child is performing. The adult actually places 
the spoon in the child’s hand or corrects the position of the spoon in its 
hand, helps the child to hold the spoon horizontally, and so on. The ac- 
tion is divided, as it were, between the teacher and the learner. This is 
the stage in the learning of activity which Vygotskii, giving the term, of 
course, a certain specific meaning, designated the stage of “‘collabora-tion”’. 

The extent of and the forms taken by the teacher’s participation in 
the acts of the learner can vary greatly. Such participation is effected 
verbally in many cases. Yet in learning, in the strict sense of the word, 
there is always a stage which requires the participation of the teacher. 
Furthermore, it is the most important stage in the process of learning 
as itis at this stage that the actual content of the process undergoing as- 
similation is built up. 

Vygotskii demonstrated the importance of this stage experimentally. 
He studied the ability of children to solve various mental problems with 
the assistance of an adult and, parallel with this, their capacity to solve 
similar problems independently. Comparing the results of the two sets 
of experiments with the attainments of the children in the course of their 
further mental development, he found that the results in the case of the 
former group were very much more significant. Thus Vygotskii wrote 
that if the child is capable of doing something with the aid of another 
today, he will be able to do it himself tomorrow [4, p. 448]. 

I shall not speak at the moment of the various forms of learning which 
its further differentiation created. I must first turn to the question of some 
of the common mechanisms of learning in man. 

Learning, sensu stricto, always postulates reflection of reality in con- 
scious form. It postulates, in other words, the participation of mechanisms 
of reflection which are verbal in nature. At the same time, these mech- 
anisms themselves are formed in the process of learning, as a result of 
the mastery of speech and of language. 

Initially, when the young child is just beginning to master language, 
a word signals to the child the actual object with which adults usually 
link this word in their intercourse with the child. At this stage the word 
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still does not produce any material change in the processes contributing 
to the formation of the child’s experience. It begins to manifest this specific 
role only when, in the course of their intercourse with the child, the people 
around apply the word to other definite objects which the particular word 
signifies. Now, for the child it brings together within itself these various 
objects, equates them with each other in some certain respect (and at 
the same time differentiates them from other objects, including—-which 
is important—objects outwardly similar to them). The decisive step is 
thereby made: by means of the word, connections are established which 
might not have been formed in the child as its individual experience is 
insignificantly small. Indeed the formation of such connections would 
demand an enormous amount of work on analysis and synthesis of the 
results of experience. This work is done not only for the individual child 
but for whole generatious of mankind; the product thereof is also con- 
solidated historically in verbal generalizations and meanings. 

It should not, however, be thought that this transfer produced by 
the child’s repeating the word after the adult is a passive process for him. 
For the child, this, too, is an active form of activity. When an adult names 
a fresh object with a word known to the child, this 1s for the child a signal 
of the presence in the object of properties which have already been linked 
for him with the particular word; this signal directs the orienting activity 
of the child to the finding and distinguishing of these properties in the object. 
If this does not happen, there is no abstraction of the properties con- 
stituting the object by the child, no fixation of them in the meaning of 
the word and no conscious recognition of them; which means that the 
corresponding connections are not formed. 

Here, two factors must be mentioned. The first is that the process 
of mastering words passes through the same very important stage that 
is characteristic of any form of learning in the strict sense of the word, 
namely the stage of joint action or “collaboration”. In the case of word 
mastery, however, this stage is masked by the fact that in this case the 
activity has no deployed outward form. 

The second factor concerns interaction between object and word, 
or in other words, interaction between signals in the first signal system 
and signals in the second signal system. In the very simple case of the 
mastery of a word which we have analysed, it becomes particularly clear 
that the word acquires meaning only through its connection with effect- 
producing objects. Thus, the source of the content which is reflected in 
the meaning of the word does not lie in the word itself but in the activity 
signified thereby. 
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Another aspect of this interaction, how the word fulfils its cognitive 
function, should also be considered. As a result of the designation of an 
object by a word there is equation of this particular object in a certain 
respect with other objects designated by the same word; there is, in other 
words, generalization of the word, but generalization which does not, 
of course, efface the individual features of the object. This result, as I have 
already said, we owe not directly to the word itself but to the processes 
of orientation, the processes of analysis and synthesis of the objective 
phenomena designated by the word, which it, in its capacity as a stimulus, 
evokes in the subject. The word is not in any way, then, the demiurge 
behind generalization; it is merely its medium and repository. 

At this point we come to the question of the action mechanism of 
the word. A word, acting on man, actualizes in him the system of reflexes 
concerned in the orienting, cognitive link in behaviour. Their combined 
sensory effects, including kinaesthetic and speech, also forms the ma- 
terial for the representation or conception which the content of the mean- 
ing of the particular word constitutes. But these are the effects of actualiza- 
tion of complete reflex arcs with their own executive motor terminations; 
the latter are inhibited, reduced, but not cut off completely. 

What happens then in the case of these inhibited motor terminations 
of the reflexes? When the operating word has a definite and concrete mean- 
ing, that is, can be applied directly to concrete objects (and it is only this 
case that we are examining at the moment), they reproduce the experience 
of action with these objects. This experience is generalized in quite a dif- 
ferent way, however, from the experience which is actualized as a result 
of the direct effect of the objects themselves. It is generalized a second 
time as it were—in the process of “repetition”? of the word, in the process 
of operating with it. 


5 


A new and still higher level of behaviour and learning develops when 
the child passes on from action with the word to verbal actions, that is, 
to actions which are effected by speech processes, whether in the form 
of outwardly expressed speech or in the form of inward thought processes. 

The condition for the development of this level is a more advanced 
stage in the mastery of language, when the child develops the capacity 
to understand and to use more developed speech, detached from any 
objective situation. At this stage the common stock of acquired knowledge 
is transmitted to the child in respect of objects, phenomena and process- 
es which he has never encountered in his own experience. Even in this 
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case, however, it is essential, of course, that the knowledge transmitted 
to the child in speech form should be linked in him with impressions ob- 
tained by him from actual reality. The difference here is merely that now 
the connection between the content assimilated in verbal form and the 
impressions from reality is established, not by their direct correlation 
but through other verbal quantities and conceptions. If, for example, 
a child who has never seena polar landscape meets with a verbal descrip- 
tion of one, he will be understand it only when he correlates the content 
of the description with verbal values he already possesses, such as 
‘‘wilderness’’, ‘‘ice’’ and so on. If the values which the child has at its dispos- 
al are insufficient for this, then it will be necessary to introduce additionally 
into the verbal description objects which are capable of sensory percep- 
tion by the child. 

This is the classical problem of the relationship between verbal and 
visual objective learning. Recently it has again been attracting the at- 
tention of our psychologists (N. A. Menchinskaya, L. V. Zankov), who 
have treated it from the standpoint of Pavlov [7], [8], [12]. 

In the still more complex case of the assimilation of abstract concepts, 
this correlation process assumes the form of transition from one set of 
values (concepts) to others, sometimes through a long series of concepts. 
This transition is effected in mental activities, that is in logical thinking 
operations. 

For this reason the learning of any branch of knowledge, for example, 
the learning of the elements of sciences at school, is at the same time a form- 
ative process for the students’ mental activities. 

The latter also constitutes the main psychological problem connected 
with human learning. 

In its broad aspect, this is one of the main problems in genetic psy- 
chology—the problem of the conversion of external actions into inward 
thought processes, the problem of their “interiorization’. Soviet and 
foreign psychologists have devoted a number of studies to this problem. 

This problem has been examined recently in the Department of Psy- 
chology of Moscow University by Gal’perin and his co-workers [5], [6]. 
These investigations were based on the general assumption that the primary 
source of thought actions was external action. They also assumed that 
the formation of thought actions—the reflecting mental processes—-was 
not simply a matter of the interiorization of the objective material con- 
tent of the external actions. If in investigating the process of develop- 
ment of the action from external to inward, one restricts oneself solely 
to the study of the transformation of its objective material content, as 
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Piaget does, then the entire process presents itself as the story of the 
gradual freeing of this content from its material features, as the story 
of the stages in the transformation of this content into logical op- 
erations [17]. 

The investigations mentioned showed, however, that transformation 
of the action is characterized by changes in at least three other relatively 
independent directions (or “parameters of the action’) in addition to 
the interiorization of its material content. Only aggregation and correla- 
tion of all these trends or parameters will furnish the characteristics of the 
action and the stages of its conversion from the psychological point of 
view that is, as an action of the subject as opposed to the abstracted objec- 
tive content of the action itself which is transformed into logical opera- 
tions. 

The first direction in which the action is changed is in the degree of 
its generalization, or the extent to which the action, elaborated by the 
child on one material in one set of conditions, can be transferred by him 
to other materials and in other conditions. 

The second direction taken by change in the action is that of transi- 

tion to progressive contraction. We know, for example, that a child in 
counting two groups of objects will count the objects in each group and 
then again count the objects one by one in the two groups together. Sub- 
sequently, however, the child performs this act of summation by adding 
the total number of objects in the second group directly to the number 
of objects in the first group. 
The third parameter in which the action changes is the extent of as- 
similation of the action. At any stage in its generalization and contrac- 
tion the action can manifest a different degree of assimilation. For ex- 
ample, under the guidance of his teacher, the child may effect the sum- 
mation by adding the number of objects in one group to the number in 
the other but does not employ this method of his own accord, using the 
method of counting them one by one, which has been better assimilated 
by him. Sometimes the degree of assimilation of the action may not be 
in accord with the indices of the action in its other parameters, and thts 
hinders to some extent the further development of the action. 

Finally, the fourth parameter of change is the level of performance. 
By this is meant the degree of its interiorization. 

The process of change in the action in this parameter is, of course, 
linked with its development in the other parameters, but this connection 
is relative. For example, even inadequately generalized actions can ac- 
quire the form of inward actions. 
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The results of investigations on the formation in adults and children 
of many different mental processes during the process of learning makes 
it possible to distinguish a number of stages in this process. 

It begins with the stage of preliminary orientation to the conditions 
and requirements to which the action must respond. In the next stage 
the child performs the action with external objects and, for example, 
learns to count, to add and subtract on rods or other similar instructional 
material. The most important feature of this stage 1s that the action per- 
formed proceeds under the control of the things themselves; it is at this 
stage that the content and structure of the future thought action first 
begins to take shape, and during which its practical basis is formed. 

Then comes the stage of action in speech form. For example, the child 
begins to count aloud, without reliance on the external objects. The sig- 
nificance of this stage is that there is freeing of the action from direct 
contact with the objects. The action with the objects begins to be con- 
verted into action with concepts at this stage, that is, it acquires the char- 
acteristics of a theoretical action. 

It is only after this that the action is transferred into the inward thought 
schema. Here it undergoes further changes until, finally, it acquires all 
the features inherent in inward thought processes. 

This, of course, is only the schema of how, from being external and 
practical, the action becomes inward and cognitive, merely anticipating 
and orienting the practical activity. As it actually occurs, the formation 
of thought actions is a process with still more complex and many-sided 
Changes in each of its stages. 

It remains for me to turn to the question I have already formulated: 
can this process be described as a process of formation of logical operations? 

Yes, but only in the sense that the logical operations are its product. 
Logical operations constitute only the capacity to perform a thought ac- 
tion and not the action itself. I have had occasion to show that any opera- 
tion, including the logical operation, is the product of the specific trans- 
formation which the action undergoes when it becomes part of another 
action which it becomes capable of performing [11]. This, incidentally, 
makes distinction between the action and operation more difficult. For 
example, the process of addition or subtraction is, in the case of the pupil 
in the first class, an action. When later, however, the child learns to solve 
actual arithmetical problems, these processes acquire in him the character 
of automatic arithmetical operations. 

The formation of mental operations is connected with change in the 
same parameters as the formation of complete actions, but a specific 
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feature of the former is that it is the most stable content of the actions, 
the objective material content, and not the psychological content, that 
is fixed in them. It is for this reason that the performance of mental opera- 
tions can be transferred to machines, mechanical or electronic. 

Study of the development of actions and operations also enables us 
to approach understanding of the mechanism responsible for the forma- 
tion of cognitive images and conceptions. These are the result of actions 
to discover and demonstrate the system of essential features and signs 
of an object. When these actions become contracted and automatized, 
they are then effected in the form of a stereotyped reaction in response 
to action of a specific stimulus. They are therefore experienced by the 
subject as an action on his part. They are not available for introspection 
and exist for the subject only in the form of their product—as developing 
images or conceptions. The successively detected features and properties 
of the object appear in them as one, just as the picture appears on the 
screen of a television receiver. 

In attempting to outline briefly the process whereby the child acquires 
the capacity to carry out actions in thought and to reflect reality in cogni- 
tive images—ideas and conceptions, I have used the terms, development 
and formation. These terms do not, however, convey the essential nature 
of the matter completely. For greater accuracy we should have said de- 
velopment or formation in the process of learning. 

It is only in learning in its specifically human forms, that is, when 
there is transmission from individual to individual of the community’s 
elaborated experience of practical and theoretical actions, that this process, 
impressive in its complexity and full of dialectical contradictions, is com- 
pleted. That is why we consider investigation during the process of learn- 
ing, which is the path particularly followed in the studies I have men- 
tioned, to be absolutely fundamental. It is, of course, possible to detect 
stage changes in other ways, but it is impossible to understand the move- 
ment or transition from one to another as this movement, too, is brought 
about by learning. 

Are we not, however, guilty of overstatement here on the conversion 
of the subject’s mental development into a process, the course of which 
is imposed from outside by the will of the teacher? The answer is in the 
negative because the assimilation taking place during the process of learn- 
ing also effects adaptation to activity which is not only that responding 
to the specific features of human existence, but activity responding to 
existence both in the material world and in the world of human relations 
and also in the world of ideas, concepts and knowledge where the ex- 
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perience of the general social activity is reflected. Learning, then, is one 
form of manifestation of man’s life: it answers his vital requirements 
and motives; it is motivated purposefully and is itself capable of becom- 
ing an end. It is therefore subject to internal laws, the laws governing 
the development of the life of the individual. 


It remains for me to sum up our theoretical examination of this problem. 

In its primitive, rudimentary forms the process of learning is directly 
coincident with the process of the formation of conditioned signal con- 
nections. 

Along with the development and differentiation of processes for the 
adaptation of the behaviour of animals to the ever increasing complexity 
of the conditions of life, there is development and differentiation of learn- 
ing into its various kinds and forms. The mechanisms effecting it increase 
in complexity and become specialized. The individual reflexes now become 
linked together into dynamic systems, forming different, comparatively 
independent behavioural links, between which internal interrelation- 
ships are established. The general mechanism underlying the formation 
of these systems remains, however, the same: this is the mechanism of 
conditioned reflexes. 

Simple recognition of this is still not enough for an understanding 
of the actual processes of learning. This demands special investigation 
to determine the regular changes that take place in behaviour, and pri- 
marily in its orienting, sensory link in the wide sense of the word sensory. 
Analysis to elucidate the physiological mechanisms must now take ac- 
count of the results of this psychological investigation. 

This refers particularly to processes of learning in man which not 
only increase in complexity quantitatively but acquire a qualitatively new 
form, experience the form transmission and assimilation of socio-his- 
torical. 

Here the deciding factor is the content of cognitive activity, which 
itself is formed in the course of learning, in the intercourse of man with 
other men. The investigation of learning in man cannot, therefore, be 
effected satisfactorily by methods which merely consider external agen- 
cies and the response reactions of the subjects. Pavlov rightly warned 
against any such attempts. Discussing the results of experiments on man, 
carried out by the method of motor conditioned reflexes with electrical 
skin stimulation as reinforcement, Pavlov questioned the experimenter: 
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“But did he (the subject—A. L.) not wonder what all this was about? 
You see, he had no understanding of what was happening and possibly 
asked himself this question..... This is all right in dogs, which cannot 
reason, but in the case of man why not use his brain? I cannot imagine 
that the man, when placed in the situation of the dog, would also behave 
like the dog and not reason about anything’. 

**... [cannot imagine’, Pavlov continued, “‘that the man went through 
without questions, without assessing things and the result of such assess- 
ments should have been certain. If he decided for himself how he was 
concerned in the matter, if, when it was painful, he withdrew his hand 
and, when it was not, let the arm remain in its former position, there you 
have the equivalent of 100 combinations” [13, p. 103]. 

It is hardly necessary to say that all this does not in any way mean 
that the reflex nature of behaviour and of the psychical reflection of the 
world is in any degree abrogated. On the contrary, it is only an approach 
from the standpoint of the reflex theory that will enable us progressively 
and finally to explain man’s behaviour and man’s consciousness. 

The discovery of conditioned connections as a universal phenomenon 
in the higher forms of life—a phenomenon which is both physiological 
and at the same time psychological—constitutes a contribution to psy- 
chology of enormous importance. Its discovery does not, however, in- 
troduce simplified mechanistic conceptions into psychology. It confirms 
the importance of associations in psychology, but this of course does not 
mean that it brings us back to the old psychological association theories. 

It is in connection with the problem of learning in particular that the 
inadequacy of these theories is clearly revealed as they ignore an important 
element, namely, the formation of associations in the process of acquir- 
ing knowledge and the formation of associations between new thought 
actions, thought operations. That is, they ignore the development of the 
actual mechanisms responsible for the intellectual ‘activity of the child 


Translated by DR. R. CRAWFORD 
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J 


THE present article deals with certain problems concerning the develop- 
ment of elementary scientific concepts. Our approach to this problem 
is to consider first the act on which the formation of the concept is based, 
and which must itself therefore be considered to constitute a mental act. 
We must start by giving a brief description of the main stages in the de- 
velopment of thought processes. 

Mental acts must be considered to be a psychic reflection of external 
material processes. This statement is of direct practical importance as it 
requires that a new mental act shall develop from its external material 
form. If, however, the object itself and the original means for perceiving 
it directly are no longer available, then the generation of the new mental 
act must take place on the basis of its materialized form, i.e. on the basis 
of a process which itself depends on a material representation of essential 
features and relationships. 

A study of thought processes has shown that any single mental act 
of any subject may take place in several ways. Each concrete form of 
the act has different fundamental characteristic properties, and we shall 
refer to these in the way which has now become accepted, as parameters. 
We have shown (naturally, only to a first approximation) that within 
the mental act of a subject, it is possible to distinguish four such para- 
meters. 

The first parameter—the level of the process. There are three such levels. 
The first represents the material (or “‘materialized’’) level. At this level, 
the object to which the attention is directed, or the data concerning it 


* Voprosy psikhologii, No. 1, pp. 28-44, 1957. 


[247] 


248 P. YA. GAL’PERIN and N. F. TALYZINA 


which the subject possesses, or finally the process itself of applying a de- 
scription of its features to the object (material) are associated with the 
presence of physical objects (or in the material process, with their physical 
representations). The second level is that of the spoken word. Here the 
thought process, which is made up of several components corresponding 
to the criteria defining the concept, takes place in the form of remarks 
which are made aloud and which are essential to the carrying out of the 
thought process. Finally there is the third or intellectual level, whose 
distinguishing feature is that the act is exclusively a mental process. 

The great importance of experience involving the objects themselves, 
and the considerable part played by the spoken word in the acquisition 
of new knowledge have both been known empirically for a long time, 
and various explanations of these effects have been offered. In our in- 
vestigations, both the direct experience of the objects and the spoken 
word come to acquire a new significance, and emerge as stages in which 
the process changes from an external into an internal one. In other words, 
they turn out to be stages in the process of reflection or formation of a new 
psychic element of the consciousness of an individual. 

At the very first stage of development of mental concepts, a great 
or even a decisive importance attaches to the formation of an orientat- 
ing basis for the process. This term refers to a complex phenomenon con- 
sisting of a preliminary representation of the product of the process and 
of the process itself, together with a system of reference points which 
allow a task to be performed. 

The second parameter is the degree of generalization. This represents 
the extent to which the essential properties are distinguished from the 
inessential ones. 

The third parameter is the completeness of the act. It shows what op- 
erations are actually carried out and whether the child can perform the 
task either in a simpler manner, or, on the contrary, by means of a more 
complete set of operations’. 

The fourth parameter is the degree to which the act becomes the prop- 
erty of the individual. Although this is the least distinct of the parameters, 
its effect is shown by the fact that the act takes place as though along 
a well-worn path and, accordingly, with greater or less facility. 

All these parameters are relatively independent of each other. The 
process may be generalized (may be applied to a wide range of objects), 


1 The gradual shortening of mental process in its general form was noted by P. A. 
Shevarev, B. M. Teplov, N.A. Menchinskaya and others in their investigations. 
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it may be abbreviated and well assimilated but may be carried out only 
in the presence of material objects or their physical images, i.e. only on 
a physical (or materialized) level. On the contrary, the process may oc- 
cur only in the mind, but without any appreciable degree of generaliza- 
tion (it may be applied only to a particular object), and the details of the 
process may be difficult to elucidate’. 

For the formation of a complete mental act, the first concern is for 
the development of a correct set of reference points. Then, on this basis, 
the material (or the materialized) form of the act may be developed, and 
this may be modified subsequently in terms of generalization, abbrevia- 
tion, and assimilation. The degree of assimilation of all the intermediate 
forms must be sufficient, but must not be excessive, so as not to interfere 
with the subsequent transition to the higher forms of the thought process. 
Further, the physical act must be completely reflected in verbal speech 
(without any dependence on material objects). Finally, it must be pos- 
sible to transfer this personal speech form of the act into an internal mental 
arrangement, so that it becomes re-arranged in the form of the individual 
talking to himself, and the act becomes one of verbal thinking. Here, 
as a result of abbreviation and complete assimilation, the act attains its 
final form which although hard to follow by introspection is so important 
for an understanding of the psychical phenomena associated with it. 


2 


A study of processes has led us to investigate certain examples based 
on these processes which will serve to give further information about 
them. Among these examples (in the broadest sense of the word), par- 
ticular importance attaches to concepts, and as far as their development 
is concerned, a study is required of the elementary concepts acquired 
at school. We are concerned here to find how they are associated with 
processes, and how they are based on them. But since processes are not 
in themselves anything simple or primary, but have to be formed, then 
the immediate question is how their formation is associated with that 
of the processes underlying them. 

Many very different processes are associated both with the object 
and with the concept, but with which process are we concerned? In teach- 
ing elementary concepts referring to a particular science, this problem is 
simplified: in this case the attributes of the new concept serve firstly to 


2 A more detailed account of the formation of mental acts is given in the article by 
P. Ya. Gal’perin [1]. 
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determine whether a given phenomenon is included in the concept in ques- 
tion. By considering all that is included in the concept “the subject’, 
it can be determined whether or not a given word is the subject of a sen- 
tence; if the attributes of the concept “perpendicular” are considered, 
it is possible to decide whether a given part of a figure is perpendicular 
etc. Consequently, the process upon which the acquisition of a new con- 
cept is based consists of the application of the set of qualities which it 
represents to a material object so as to establish whether any part of it 
can be included within the concept. 

Accordingly, from among all the components from which the con- 
cept is built up we have distinguished those which are necessary and suf- 
ficient to determine whether a particular phenomenon is to be included 
in the concept under consideration. We have taken only those features 
which must be applied in the solution of a particular problem. We have 
called these “working features”. It should not fall to the lot of the psy- 
chologist to distinguish these essential features which are necessary for 
the process, but unfortunately this work is not often carried out, and 
we have, therefore, to undertake it. Even in such a precise science as 
geometry, textbooks and teaching devices often fail to describe the cha- 
racteristics by which many concepts may be recognized. Thus, for instance, 
usually no definition of a straight line is given’ ; many properties of a per- 
pendicular are given, but for the most part these are not used in Class 
VI’, and are not therefore “working”? properties; only incomplete defi- 
nitions of adjacent angles etc. are given. 

The next problem to decide is to what material the new concept is 
to be applied. Phenomena which may be referred to one concept or another 
may present various forms. The subject of a sentence, for instance, may 
‘be expressed by various parts of speech, by one or by several words (and 
then some of them may not be in the nominative case which is usually 
the distinguishing feature of the subject!); finally, the proposition may 
have no subject. A perpendicular may be presented either by a pair of 
lines, or it may be included in other figures, which may be of various de- 
grees of complexity. If we wish to develop a concept which may be gen- 
eralized to a certain extent, then it is not sufficient merely to vary the 
material (since variation over a range of one or more forms selected at 


1JIn the school geometry textbook by A. P. Kiselev it is stated that examples of 
a straight line are a tightly stretched thread, or a ray of light passing through a small 
aperture. However, it is not pointed out that coincidence of a line with a stretched thread 
is a feature which may be used to determine whether a given line is straight. 

2 The pupils in this class would be 14 or 15 years of age. 
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random does not afford adequate generalization); what is required is 
a systematic variation in a definite order of the basic forms of the phe- 
nomena, to each of which a clear, unchanging definition of the new con- 
cept must be applied. 

Further, a variety of problems may be set, and in these the conditions 
stipulated by the definition may be completely or incompletely fulfilled, 
so that a verbal set of stipulated conditions may or may not agree with 
the diagram presented. All of this is of the greatest importance in de- 
termining which part of the problem is essential. 

In accordance with these requirements we have composed four sep- 
arate tests. In the first type of problem, a complete set of conditions was 
given, and the drawing was appropriate to the stipulated condition. In 
the second type, the conditions were also given completely, but the draw- 
ing did not correspond to them. In the third type of problem, the con- 
ditions themselves were incomplete, but the drawing corresponded to the 
conditions. Finally, in the fourth type of problem, the conditions were 
incomplete and the drawing did not correspond to them. 

The subject was told that the components of the concept were in- 
cluded in the conditions, but were not necessarily present in the drawing, 
and that only when the whole set of components of the complex were 
present would the phenomenon be included in the concepts under con- 
sideration. 

We explained to the subject how he was to use the components of the 
concept to solve any problem presented to him, and how he was to ap- 
ply each of these components to each part of the material, i.e. to all the 
conditions of the problem and to all the elements of the figure. 

Finally, in considering the results of these investigations into the de- 
velopment of thought processes, we examined the stages by which the 
components of the concept were assimilated. This examination was chiefly 
concerned with the system of components, i.e. with the criteria of the 
concept. These components were listed and numbered in a column on 
a card, and were used by the subject in this form in solving problems. 
We call this form of the process the materialized form. It enables the 
components of the concept to be considered objectively, and enables 
the action of the subject in applying them to the experimental task to be 
controlled. 

When the subject has thoroughly assimilated the contents of the card, 
it is removed, and he then begins to recite aloud from memory the com- 
ponents which he has been shown, and he also describes aloud whether 
these components correspond to the figure which he has been shown. 
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Finally, the same process is carried out in the same order, but the subject 
speaks “‘to himself”, but announces the result aloud’. 

No special study was made of the other parameters, abbreviation 
and assimilation, as these were worked out “by themselves’’, in the course 
of the experiments. 

In the tests, we made use of only the most elementary geometrical 
concepts such as those of a line, an angle, the bisector of an angle, adja- 
cent and supplementary adjacent angles, and a perpendicular. 

The subjects were 8 pupils of Class VI and 8 of Class VII°. Both groups 
were already acquainted with the concepts involved. In making our selec- 
tion of pupils we chose only these who were described by their teachers 
as “hopeless”; in our screening experiment, they also failed in the prob- 
lems set. In addition, we used 32 pupils from Class V*, who had made 
no study of geometry and who in other subjects had been given marks 
as low as 2 or 3 out of 5*. The total number of subjects was 48. 

We considered that a concept was completely formed when the subject 
changed over from searching for its separate components to applying 
it directly to the particular task in hand. This was shown by the way the 
child would glance quickly over the problem set, and then give the answer 
immediately. When asked the reason for his opinion, the child would 
usually turn once more to the problem, and indicate the necessary and 
sufficient components of the concept in the conditions of the problem. 

The results showed that when the method as described above is used 
the formation of the concept proceeds almost faultlessly from the very begin- 
ning. Thus, during the formation of the concept “‘a straight line’, 14 of 
our subjects solved 346 of the 360 problems correctly, and made mistakes 
in only 14 of the problems; in forming the concept of “tan angle’’, of the 
162 problems set, 152 were correctly and 10 incorrectly solved. 

The following illustrates the typical method of solution. 

Pupil L. (Class V) who is developing the concept of “‘a straight line’, 
was set the following problem: “‘Three lines were drawn: a straight line, 
a kinked line, and a wavy line. A match fell on the drawing and some 
of it was burnt. Only the ends of the lines remained. Would it be possible 


1! A more detailed account of the principles of this method and of its results and 
their importance is given in a report by P.Ya. Gal'perin, ““On the formation of sensory 
images and concepts”’ [2]. 

2 The pupils in Class VIT would be 15 and 16 years of age. 

3 The pupils in Class V would be 13 and 14 years of age. 

4 This refers to a 5-point scale of marking traditional in Russia. 3 is regarded as 
a bare pass. 
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to reconstruct the burnt portions if we had never seen what they were?’ 
A drawing is supplied: 


en ig AN 


Pupil L.: Only the straight line could be reconstructed. 

Experimenter: Why? 

Pupil L.: Firstly, between two points only one straight line can be 
drawn, and then it can be drawn along a stretched thread. About the 
others, nothing can be said, since they bend in any sort of way. 

Pupil V. (Class VI) who is developing the concept of “‘an angle’? was 
given the problem: “Two lines proceed from a single point. What sort 
of figure is formed?’ (An angle was shown in the drawing). 

Pupil V.: I don’t know what this figure is called, but it is not an angle. 
Probably, there are two kinds here. 

Experimenter: What kinds? 

Pupil V.: If these lines are straight, then an angle is formed, because 
then both conditions for an angle are fulfilled: a common point and two 
straight lines. But if these lines are not straight, then it is not an angle. 
Because then only one of the conditions of an angle is fulfilled—the com- 
mon point. And then it is not an angle. 

Experimenter: Please make a drawing of the problem. 

The subject draws as follows: 

(Both examples are taken from the work of S. B. Mashkova). 

It must be noted that the subjects not only: give correct answers, but 
also defend them. It is well known, that with the usual methods of teach- 
ing, the question “‘why” often presents difficulty not only to backward 


FIG. 2. 
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pupils with whom we were concerned, but also to the more advanced 
students. It must also be pointed out that our experimental subjects were 
easily able to deal with even the more difficult kinds of problem, in which 
the conditions were not completely defined, and in which the diagram 
did not correspond to the conditions of the problem; this is shown in 
the second set of examples. 

If, in certain cases, the subjects gave incorrect replies, all that was 
required was to turn their attention to the conditions of the concept, and 
the correct reply was then forthcoming. The mistakes, as we have seen, 
were very few, and most of these were made when the thought process 
was internal, and occurred when the subject was operating under his own 
control. In some of these cases it was sufficient to suggest to him that 
he should repeat to himself the list of components, and that he should 
then once more look at the problem; when this was done, the mistake 
was corrected. If this procedure did not help him, the experimenter then 
suggested that he should recite the list of conditions of the concept aloud, 
and should look to see whether they were fulfilled by the conditions of 
the problem. Returning the process to the preceding level always led to 
a correction of the error. 

The following example shows how this occurred. Pupil N. (Class VI) 
was set the problem: “Given two intersecting lines. What sort of figure 
do they form?” (The problem is given without a figure). 

The subject first solves the problem “‘to himself’, and only the answer 
is spoken aloud. 

Pupil N: They form an angle (wrong answer). 

Experimenter: Name the distinguishing features of an angle. 

Pupil N: A common point and two lines. 

Experimenter: Be more precise. 

Pupil N: A common point and two lines going out from it (here she 
sees the mistake). The line must be straight. But here it does not say whether 
the line is straight or not. It is not known, it might form an angle and 
it might not. (This example is chosen from the work of N. F. Talyzina). 

When the process returns to the level of the spoken word, the subject 
is able to correct the mistake for himself. 

Naturally, in the formation of a concept by our method in which there 
was a distinction between the conditions and the drawing and in which 
the subjects were attending to the conditions, they were not in any way 
“bound by the figure’. In problems where the figure did not correspond 
to the conditions, the subjects did not base their answer on the figure 
but on the conditions. 
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Thus, for instance, the same pupil N. (Class VI) in solving a problem 
in which the conditions specified adjacent supplementary angles, but the 
figure showed adjacent angles, was able to show without difficulty that 
the angles were in fact adjacent supplementary. 

When the experimenter asked her to show on the drawing where was 
the side which represented the continuation of the other, she replied: 
“There is no continuation. In the conditions, they are adjacent supple- 
mentary angles, but they aren’t on the drawings’’. 

Experimenter: What are they on the drawing? 

Pupil N: Adjacent (from the work of N. F. Talyzina). 

In these cases, the subjects usually added that what was required was 
not to “look’’ at the figure, but at the conditions. 

A further example. Pupil K. (Class VI) was set the problem: “‘Given 
a line, of which no part will coincide with a stretched thread. What kind 
of line is this?” (The figure shows two straight lines joined at an angle). 

Pupil K: This is a curved line, since no part of it coincides with a stretch- 
ed thread. The figure is incorrect, and a curved line should be drawn (draws 
line). (The example is taken from the work of S. B. Mashkova.) 

We will give one further example. Pupil Kh. (Class V) was set the 
problem: “From a point O, two straight lines are drawn: OA and OB. 
What sort of figure do they form?” 

The following drawing was given: 


ae ee o—________-8 


FIG. 3. 


Pupil Kh: Here there should be an angle. 

Experimenter: Why? 

Pupil Kh: Because two lines should go out from one point. 

Experimenter: But the drawing? 

Pupil Kh: This is wrong, there should be an angle (from the work 
of E. V. Konstantinova). 

As we have seen, the subjects do not regard the figure as a part of the 
conditions, but only as an illustration attached to them, and as one which 
may be untrue. 

The results obtained allow us to confirm the fact which is known from 
the practice of teaching, that in solving problems students “go beyond the 
drawing’, and this is not due to any feature of the child’s thought but is 
due to the method of instruction. 
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In the experiments, it was also shown that with our method of instruc- 
tion, the subjects recognize a particular geometrical figure in any spatial 
position. Furthermore, when asked by the experimenter, the children 
themselves will draw geometrical figures in a variety of positions. 

Pupil Z. (Class V) when asked by the experimenter to draw various 
perpendiculars, drew as follows: 


Experimenter: Why are all these perpendiculars? 

Pupil Z: Because they are straight lines and they form right angles 
(from the work of E. V. Konstantinova). 

In view of these results, we have set up special experiments directed 
to solving the problem of the necessity for varying the figure in develop- 
ing geometrical concepts by our teaching method!. 

For this purpose, special experiments were carried out on 26 pupils 
of Class V, who had been shown a figure deliberately presented in a con- 
stant position (the perpendicular was drawn as composed of one horizontal 
and one vertical line running upwards from it). This position was given 
both on the card which was used as the standard of reference in solving 
problems, as well as on all diagrams associated with the problems. After 
8-10 problems with the figure in this position, we presented it in a markedly 
different position, and without allowing the subject to read the condi- 
tions defining the problem we asked them to decide at a glance whether 
one figure, or another, conformed to the corresponding concept. 

All 26 subjects whom we tested with the control experiments answered 
correctly. They described the figure accurately, and when asked why, 
they indicated the features which had been initially given as criteria. 

We will give some examples. 

A preliminary enquiry showed that as a rule the subjects called only 
the horizontal lines straight, and the oblique lines were considered as not 
straight but slanting. We deliberately left this mistake uncorrected. 


1 Detailed information on the necessity for varying the position of the figure in space 
in order to distinguish the essential features of geometrical concepts are given in V. I. 
Zykova’s work [4]. 
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After mstruction in our method (during which the line was presented 
only in the horizontal position) in a control set of experiments, K. (Class 
V) was shown a straight line inclined at an angle to the horizontal. In 
reply to the experimenter’s question as to what kind of line it was, she 
confidently replied that the line was straight, arguing the point as fol- 
lows: “It coincides with a stretched thread”’. 

The same girl, when given the problem in the control group where 
she was asked of what kind of line the figure consisted, 


Ly FID 


FIG. 5. 


answered as follows: 

Pupil K: These are all straight lines, but this one (points to the cir- 
cumference) is not straight. 

Experimenter: Why? 

Pupil K: Because all the lines coincide with a thread, but this one 
(points to the circumference) does not. 

Pupil U. (Class V) is given the problem: “What sort of lines are these?’’ 


FIG. 6. 


Pupil U: These are all straight. 

Experimenter: Why? 

Pupil U: Because they coincide with a stretched thread. 

The situation was found to be similar in working on the formation 
of other concepts. Thus, for instance, after solving 9 problems on the 


17 Recent Soviet Psychology 
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application of the distinguishing features of perpendicular lines, where 
the lines were always shown in a standard position, pupil B. (Class V), 
at the request of the experimenter, drew a perpendicular in two different 
positions (Fig. 7). 


FiG. 7. 


Immediately after this the experimenter asked the following question: 
‘“‘What sort of figures are these?” (Fig. 8). 


FIG. 8. 


Pupil B: Also perpendiculars. 

Experimenter: Why? 

Pupil B: Because the straight lines form a right angle (indicates). 

We can see, that in defining the straight line the idea of coincidence 
with a stretched thread is important to the subject; in defining a perpen- 
dicular, the conception is one of the existence of two straight lines form- 
ing a right angle, i.e. only the presence of those features which have been 
presented to them as necessary and sufficient criteria are referred to the 
given concept. 

A precisely similar result was found in other subjects. Certainly, in 
15 subjects, when solving the first problem of the control series designed 
to test whether they had assimilated the concept, of a straight line, it was 
found that there was some delay in the solution as compared with that 
of the previous problems. Three of the subjects had to return to the pre- 
vious stage, i.e. they had to name aloud the distinctive feature of a straight 
line, and after this all the subjects promptly gave the correct answers. 
In 2 of them, the features were named only during the solution of the 
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first problem, in the third—only when solving the first, third, and fourth 
of the 6 problems of the control series. 

We will give an example of such a solution. Pupil R. (Class V), in 
reply to a question by the experimenter: “‘What sort of line is this?”’ (a slant- 
ing line 1s drawn), at first gives no reply. Then the experimenter asks: 
“Would this be a straight line?”’ 

Pupil R: No. 

Experimenter: Why? 

Pupil R: (is silent). 

Experimenter: Name the distinguishing feature of a straight line. 

The subject names the feature correctly, and then says “Yes, it is straight’. 

Experimenter: Why? 

Pupil R: Because it coincides with a stretched thread. (The examples 
are taken from the work of E. V. Konstantinova). 

It must be noted that this independence from the particular features 
of the diagram is maintained even after a considerable interval of time. 
Thus, 5 months after she had already solved the problems requiring the 
application of the concept “perpendicular’’, we asked pupil N. (Class VJ), 
how to determine which lines on a drawing were perpendicular’. On the 
drawing there were shown three perpendiculars in an unusual position, 
and one inclined line in the usual position (Fig. 9), so that the inclined 


FIG 9. 


line made only a very small angle with the vertical. Pupil N. replied: “It 
must be measured. Where there is a right angle, there it will be perpen- 
dicular’. When the experimenter asked which lines appeared to her to be 
perpendicular, she pointed correctly to all four lines, but, referring to 
the inclined line, she said that this was not perpendicular (from the work 
of N. F. Talyzina). 

These results give reason to suppose that a complete concept (com- 
plete in the sense of the clear distinction of its essential features) may 
be formed under certain conditions even without any variation in the 
diagrams. The difficulties encountered by the pupils in the case of unusual 


1 Other subjects were not tested in this respect. 


17* 
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positions of the diagrams, difficulties which indicate an insufficient degree 
of generalization of the distinguishing features of the concept, can be 
explained in terms of the way the teaching has been carried out. In these 
cases the pupils are not presented with clearly defined features of the 
concept, and are not taught to think objectively in terms of them, or 
to apply them to particular problems. Certainly, by no means all the pupils 
can think in this way. Naturally, for a certain proportion of the pupils, 
a definition which they may be able to reproduce faultlessly will turn 
out to be “non-functional’’, and it will be found that their genuine refer- 
ence point for the solution of the problem is the figure, and that by the 
side of this there is the “‘non-functional” definition. With this type of 
teaching, it is very necessary that a wide variety of figures should be shown 
and that there should be a gradual distinction and generalization of the 
essential features of the concept’. 

It must be pointed out that, unfortunately, when dealing with geom- 
etrical concepts, not only the pupils, but also the teachers and the authors 
of textbooks are dependent quite frequently on a particular illustration, 
and not on the distinctive features of the concept. Thus, for instance, 
adjacent angles are usually defined as those which have a common apex 
and a common side. We ourselves have used this definition in a teaching 
experiment. But because we asked our pupils to make use of clearlv de- 
fined features of the concept, we obtained results such as, for example, 
the following: Pupil N. (Class V1) gave as an example of adjacent angles, 
an angle and the part of that angle adjacent to one of its sides. When we 
attempted to refute her, she answered that the example was consistent 
with the definition. We were forced to agree, and then to introduce an 
additional feature: the common side must lie between the other sides 
of the angles (from the work of N. F. Talyzina). 

From the very beginning, we gave the children definitions in a very 
clear-cut objective way, and instructed them to make use of these de- 
finitions in solving problems, and it was found that this freed the children 
from the influence of the incidental properties of the drawing. 


1 On account of the importance and the complexity of the problem it must be pointed 
out once more that variation in the material presented is necessary, not only in the actual 
content of the phenomenon, but also in its basic forms; also that this variation is required 
not only in order to enable the features of the new concept to be distinguished (because 
from the very beginning these may be presented in a clearly defined manner and as criteria 
of the concept), but in order that the concept itself may develop as a generalized form 
of reality. The features of the concept, and the concept itself are not one and the same 
thing. 
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The experiment has shown that there are two ways of forming a con- 
cept. In the case when the mental process of the subject is not control- 
led and organized to apply the definition to the problem in hand, the 
subject actually finds himself in the position not of a pupil, but of an in- 
vestigator: he has to search for and establish for himself the essential 
and sufficient features of the new concept. Naturally, this takes place 
by means of trial and error, and the essential nature of the new concept 
becomes established only after it has evolved through a number of in- 
termediate stages. 

In the case when the correct approach by the subject 1s adequately 
controlled, and when the essential features of the concept are given clearly 
and objectively from the very start, and when he has been shown how 
to use these in the clearest possible way, the process of the formation 
of concepts takes place without any intermediate “hybrid” forms, and 
the path taken becomes very much shorter. 

There are two possible methods of study which correspond to these 
two ways of forming concepts. They are distinguished chiefly by the ex- 
tent to which each of the two methods organizes, studies, controls or 
facilitates the process which underlies the formation of the new concepts?. 


3 


As has been pointed out above, the process of applying the defini- 
tions develops step by step. There is no doubt of the existence of the var- 
ious levels of one and the same process. That this is so ts shown firstly 
by the case which is well known from teaching experience, that one child 
will, for instance, carry out a certain process only when he has access 
to the actual object concerned, and another may be able to use merely 
the spoken word, but neither will be able to solve the problem mentally 
“to themselves’’. | 

Secondly, we frequently encounter processes at different levels in car- 
rying out test experiments on pupils taught by the method used in schools. 
These levels have been found in the case of the processes involved in ap- 
plying geometrical definitions. Finally, during our experiments, we fre- 
quently observed that a return to a preceding level of the process enables 
a subject to surmount the difficulty he has encountered. This circumstance 
is evidence not only of the existence of processes at different levels, but 
also of the fact that there is a certain continuity which indicates a certain 
internal logic in the process of evolution of psychic events. 


2 This point is discussed in greater detail in the report by P. Ya. Galperin [2]. 
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Thus, in our opinion, there can be no doubt that a single process may 
occur at several different levels. 

But now another question arises: to what is it necessary to develop 
all the levels of the process (in applying definitions) for the development 
of each concept. 

We investigated this question by carrying out special experiments 
on the development of the concept “‘perpendicular” in 8 children of Class 
VII (study by N. D. Kadymova). In these experiments, in some of the 
subjects, the process was developed by applying the definition of “‘a per- 
pendicular” at first aloud, and then “to himself’, i.e. by missing out 
the “materialized” stage of the process. In other subjects, the process 
was repeated with the ‘‘materialized’’ stage of the process preserved and 
the stage of thinking “to himself’? included, but the stage in which the 
argument was voiced aloud was omitted. In 3 subjects, the instruction 
was carried out by developing the “‘materialized’’ form of the process 
and the spoken form, but no work was done on the stage of the pupil 
thinking “‘to himself”. Finally, in a fourth group the development started 
immediately by the children thinking to themselves, i.e. “‘materialized”’ 
process and the verbal process were both omitted. 

The results of these experiments showed that a concept may be as- 
similated when any stage is omitted provided that the remaining two 
stages are thoroughly developed. However, the effect on the course of the 
instruction will be differently affected according to the stage which is 
omitted. 

Omission of the stage of thinking “to oneself’? was not reflected (in 
the particular case!) on the rate of learning. Evidently, for the particular 
problem used, the basic conditions of the process “‘to himself” were in- 
cluded in the preceding stages. This is shown, for instance, by the fact 
that even at the stage of the spoken word, the subjects gradually began 
to answer immediately, and this was one of the indications that the process 
of the subject thinking to himself had become automatic. 

Omission of the verbal stage had a marked effect on the stage when 
the subject thought “‘to himself’. In this case the process of silent think- 
ing continued very much longer in its extended form, that is to say the 
process took longer to become automatic. This was shown by the fact 
that when the subject went over to the method of silent thinking, the solu- 
tion of the problem took a very long time, though this did not occur in 
the experiments in which the two preceding stages had been elaborated. 

The omission of the stage with the card (‘“‘materialized”’ form of the 
process) had a particularly marked effect. In this case, the definitions 
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presented verbally were first not used at all by the subjects, although they 
were described quite correctly by them. The experimenter also had to 
remind them constantly about the points in the definition, he had to tell 
the children to use them, and additional explanations were required. 
The stage in which the spoken word was used was considerably prolonged. 

It was clear that in this case the card showed the points involved “‘in 
the hands” of the subject, and so represented the basis of the process. 
At the same time, the card played a part in the organization: the features 
shown on it were acquired by the subject in a definite order, and this was 
the order in which the points were applied. When no cards were used, 
the experimenter had to take over this function himself, and if he did 
not do so, the children failed to cope with the problem. 

Omission of the first two stages, i.e. when the idea was developed 
by silent thinking, made it almost impossible to develop the concept. 
Even in the case of the most simple problems, the subjects either gave 
wrong answers or else did not attempt the solution. 

In all these cases the experimenter had to intervene with an explana- 
tion, and this was tantamount to operating in terms of the spoken word. 

The geometrical concept was mastered completely only in experiments 
in which either all the stages were developed or, to a lesser degree, in those 
in which the stage of operating with the aid of the actual experimental 
material was very thoroughly developed. 

However, all that has been said concerning the necessity for step by 
step development of a concept applies to cases when only a single, in 
this case geometrical, concept is involved. The question then follows as 
to how necessary step by step development is in cases when not one, but 
several concepts are involved. 

To investigate this point, 14 subjects including 7 from Class V and 7 from 
Class VI were taught the concepts of a straight line and of an angle by 
the step by step method!; after this we began to develop a third concept, 
that of the bisector of an angle. This last concept was taught directly by 
the method of the subject thinking “‘to himself” (work of N. F. Talyzina 
and S. B. Mashkova). 

We instruct the children in the school definition of a bisector, and 
ask them to distinguish the features from which it was possible to recognize 
the bisector of an angle. All the children accomplished this task without 


1 We used the step by step method as applied to two concepts and not to one, in 
finding their effect on the formation of other concepts, because the notion of a straight 
line does not possess any clearly drawn comprehensible features, and because the utilisa- 
tion of this concept does not involve reference to any set of distinctive attributes . 
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difficulty. They were then asked to solve for themselves various problems 
which involved application of the concept of a bisector (the problems 
were of the four types described above). Altogether they solved 110 problems. 

It was found that all the subjects succeeded in the task set. Of the 
problems, 106 out of 110 were solved by thinking “‘to themselves’. Alt 
were correctly solved. 

Our method of developing simple geometrical concepts affects the 
way in which the subjects apply others which are more complex. We will 
demonstrate this by reporting the solution of the same set of problems, in- 
volving the bisector of an angle, which were carried out both in a test 
experiment before the concepts of a straight line and of an angle had been 
elaborated, and in a control experiment after the subjects had mastered 
these two concepts. 

Pupil K. (Class VI) was given the following problem, among others, 
in the test and in the control experiments: “‘From the apex of an angle, 
a line is drawn which divides this angle into two parts. Is this line a bi- 
sector of the angle?” The problem was presented without a figure. 

In the test experiment the solution of the problem proceeded as fol- 
lows: 

Pupil K: Yes. 

Experimenter: Why? You know how a bisector is described. 

Pupil K: But here the angle is divided, so it must be a bisector. 

Experimenter: Draw a diagram for this problem. (The subject draws 
a straight line in the position of a bisector of the angle.) 

Experimenter: Into what kind of parts does this line divide the angle? 

Pupil K: Into equal parts. 

Experimenter: Is this stated in the conditions of the problem? 

Pupil K: Yes... No, but all the same this is a bisector, because it says 
that the line divides the angle into two parts. 

As we see, the problem is incorrectly solved, and the subject does 
not base her answers on the definition of the bisector, although she ts 
acquainted with it; at the beginning of the test experiment, she gave an 
entirely correct definition of a bisector |. 

After the subject had developed the concept of a straight line and 
of an angle, the solution of the above problem proceeded as follows. The 
subject had scarcely read through the problem when she said: “‘No, thts 
is not a bisector’’. 

Experimenter: Why? 


1 Before being given the problems, the subjects were tested to find if they knew 
the definition of a bisector. 
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Pupil K: Because the conditions do not give all the properties of a bi- 
sector. 

Experimenter: Which properties are given and which are not given? 

Pupil K: Here there is only one property of a bisector—the angle. 
But it is not known into what sort of parts the line divides this angle, 
and it is not known what kind of line it 1s; it could be curved, or bent (draws 
both instances on paper). 

The subject not only gives (mentally) a correct solution, but defends 
it: she has no difficulty in pointing out what properties of the bisector 
are present, and which ones are missing. Further, she indicates possible 
alternative arrangements. 

The pupil M. (Class VI) was given the problem: “A straight line is 
drawn within an angle so as to pass through the apex and divide the angle 
into two equal parts. Will this straight line be a bisector of the angle?” 
A figure is given which does not correspond to the conditions of the problem: 
the straight line is drawn in a position widely different from that of the 
bisector. 

In the test experiment the solution of this problem by a boy pro- 
ceeded as follows: 

Pupil M: No, it will not be a bisector. 

Experimenter: Why? 

Pupil M: It is obvious. 

Experimenter: How is it obvious? 

Pupil M: Well, here is the drawing, and in it the straight line divides 
the angle into unequal parts. 

In solving the problem, the subject depends not on the conditions, 
but on the drawing, and so solves the problem incorrectly. 

After M. had been instructed in the concepts of a straight line and 
of an angle, he rapidly read through the problem to himself, and imme- 
diately replied: “Yes, this is a bisector’. 

Experimenter: Why do you think so? 

Pupil M; Here, in the conditions, it says: there is an angle—this is 
the first condition for there to be a bisector, and the straight line divides 
the angle into two equal parts—that is the second condition that the line 
is a_ bisector. 

Experimenter: But the drawing? 

Pupil M: No, here it ought to be like this (draws a straight line in 
the position of a bisector). 

It can be seen, that in solving the problem, the subject depends on 
the definition of a bisector (a straight line divides an angle into two equal 
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parts) and looks for these features of the definition in the conditions of 
the problem, and not in the drawing. 

A closely similar result was found in other subjects in both Class V1 
and Class V °. 

This, for instance, is how pupil Zh. (Class V) solved a problem of 
this kind. “Within an angle, and through its apex, a straight line is drawn 
which divides the angle in the ratio 3:8. Will this straight line be a bi- 
sector of the angle?” A drawing was supplied in which a straight line 
was drawn as bisector. 

The subject read the problem rapidly to himself and then answered 
quickly: “Here the drawing is wrong. From the definition, this is not 
a bisector, but on the drawing it is; another drawing ought to be made”’. 

Pupil Zh: It says in the conditions that the straight line divides the 
angle in the ratio 3:8, and not into equal parts. Here the second condi- 
tion for a line to be a bisector is missing. 

Here we see that the subjects now clearly distinguish the necessary 
and sufficient properties of a bisector, use these correctly in solving prob- 
lems “‘to themselves’, even in cases when the drawing contradicts the 
problem as stated; previously the children were misled completely. 

Our subjects successfully solved the problems in the application of 
the definition of a bisector of an angle, even in cases when the bisector 
was presented in a system involving concepts with which the subject was 
not familiar. 

Thus, for instance, subjects in Class V were given the following prob- 
lem: “‘Given two parallel straight lines and a line which intersects them. 
A second intersecting line divides one of the internal corresponding angles 
into two equal parts. Will this second line be a bisector of the internal 
corresponding angle?’ The subjects knew nothing of parallel lines or of 
properties of lines intersecting them. No drawing was supplied. This is 
how the problem was solved in this case. Pupil Sh. (Class V) reads the 
problem to himself. 

Pupil Sh: What is an intersecting line? 

Experimenter: A straight line which intersects another line. 

Pupil Sh: That means an angle is formed. And it is divided 
by a second intersecting line, a _ straight line, into two equal parts. 


2 It must be remembered that in Class V, geometry has not yet been studied. We 
taught the definition of a bisector to these children before attempting problems on the 
bisector. They then recognized for themselves the features of the definition which could 
be applied. 
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Well, we have the characteristics of a bisector. That means that it is 
a bisector !. 

The problem was solved by pupil Sh. quite correctly, though the solu- 
tion was made aloud and not “to himself”’ (just as in the case of problems 
where the bisector was given in a system with which the subject was fa- 
miliar). Three other subjects also solved this problem aloud, while the 
remainder solved it “to themselves’. 

Thus, all the subjects gave correct solutions to the problems involv- 
ing the concept of the bisector of an angle; in almost all cases the work 
was carried out silently. Not only did they solve the problems correctly, 
but they gave a reasoned argument in support of their solution, and pointed 
out the distinguishing features of the bisector. In doing so they invariably 
based their argument on the verbal formulation of the problem, and not 
on the diagram. 

Thus it happened that in solving problems involving the concept of 
the bisector of an angle, the subjects discovered for themselves all the 
features which had been noted in solving problems involving the use of 
the concepts of a straight line and of an angle. Since we did not carry 
out any step by step development of the concept of the bisector of an 
angle, this effect may possibly be explained as follows: in developing 
the concepts of a straight line and of an angle, the subjects acquired a def- 
inite method of applying definitions of concepts, and this method was them 
transferred to the new concept of the bisector; this usually happened im- 
mediately, at the level of thinking “to himself”, and in some cases at the 
level of thinking aloud. 

After the problem involving the use of the concept of the bisector 
of an angle, the subjects were set first problems involving the concept 
of “supplementary adjacent angles”, and afterwards some which involved 
the notion of a perpendicular. Neither of these concepts was developed 
by the step by step method. Just as in the case of working with the con- 
cept of the bisector of an angle, the experimenter gave a definition of the 
concept, and a drawing. The subjects independently distinguished the es- 
sential features of the concept (from its definition), and proceeded to 
solve the problems. 

The results of these experiments showed that the great majority of 
the problems in the use of both concepts were correctly solved, and the 
method of solution explained 2. Out of 176 solutions to the problems 


1 Jt must be noted here that no confusion was caused by finding a line which was 
both a bisector and an intersector, though this often causes confusion in school work [3]. 
2 The children were given problems of the four types already described. 
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in the use of the concept of supplementary adjacent angles, only 3 cases 
occurred in which mistakes were made. Here, just as in the problems 
involving the bisector of an angle, the subjects made use of the features 
of the concept which were contained in the conditions of the problem, 
and not those represented in the figure. 

We will give an example. Pupil Ch. (Class VI) was given the follow- 
ing problem: “Given a triangle. Will the angles at the base of the triangle 
be adjacent supplementary angles?” (a suitable diagram was supplied). 
In the test experiment, the solution of the problem proceeded as follows }. 

Pupil Ch: Adjacent supplementary. 

Experimenter: Why? | 

Pupil Ch: We dropped a straight line form the apex. And here there 
will be angles (shows the angles at the base), but the triangle is right-angled. 

Experimenter: How is it right-angled? 

Pupil Ch: Like this (makes indefinite movements with the hands). 

The problem remained unsolved. 

In the control experiment, the pupil Ch. reads the problem to himself 
and immediately replies: 

Pupil Ch: No, these are not adjacent supplementary angels. 

Experimenter: Why? 

Pupil Ch: Not all of the essential features are given. There are two 
angles at the base—that is the first condition, one side of them is pro- 
longed into the other, but the common side is not present. 

The problem is correctly solved “to himself”’. 

The solution of many other problems proceeded along similar lines. 
However, most of the problems involving the concept of “‘adjacent sup- 
plementary angles” were solved aloud (out of 176 problems only 56 were 
solved silently). Being unable to solve the problem by the silent method, 
the subjects went over to the method of analysing it aloud, and then were 
able to reach a correct conclusion. 

We will give an illustration of one of these cases. Pupil B. (Class V) 
was given the following problem: “In a triangle, the bisector of an angle 
at the base is continued beyond the limits of the triangle. Will the angles 
subtended by the sides of the triangle be supplemetary and adjacent?”’ 

Pupil B. after reading the problem “to himself”, and after a short 
pause, replies. ““They will. No... they will not: but here there ts a triangle, 
and not an angle”. | 


1 Before solving the problems, both in the case of the adjacent supplementary angles 
and in the case of the perpendicular, the subjects were tested to see that they were acquain- 
ted with the appropriate definitions. 
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Experimenter: Read the problem carefully to yourself and decide 
whether the conditions for supplementary and adjacent angles are con- 
tained in the conditions. 

Pupil B. (reads).... I do not know. No, there will be, because here 
there is a triangle. 

Experimenter: Proceed. 

Pupil B: These are the features: there is a common line; there 1s a con- 
tinuation of one side into another—this is one side of the triangle; there 
is a common side—the bisector; yes, these are supplementary and ad- 
jacent angles. 

At first the subject tries to solve the problem to himself. In spite of the 
fact that he is acquainted with the characteristic features of supplementary 
and adjacent angles, and that the experimenter points out that he is re- 
quired to decide whether these features are contained in the conditions 
postulated, the boy is not sure of himself: he gives first one answer, then 
another. He even tries to avoid the solution by saying that he does not 
know. But as soon as he begins to describe the essential features of sup- 
plementary and adjacent angles aloud, there is a sudden change in the 
situation, and a correct solution which is adequately supported is then 
forthcoming. 

(All these last examples are taken from the work of S. B. Mashkova). 

Of the problems involving the concept of a perpendicular, the great 
majority were solved in silence (of the 198 problems, only 16 were solved 
aloud, and the remaining 182 were solved silently). 

In spite of the fact that in the concepts which we used, that of “the 
perpendicular’? was very much further removed from those which we 
had elaborated using the step by step method than was the concept of 
adjacent and supplementary angles, the transfer of the acquired thought 
process to the concept of “‘the perpendicular’ was realized in most cases 
at the higher level (silently). Transfer to the concept “‘supplementary 
and adjacent angles’”’ was effected at a lower level, the thought process 
usually being expressed aloud. 

The results that we have obtained show that for the formation of many 
simple concepts, a step by step method is not necessary in each case. The 
formation of some of the following concepts may be started straight away 
at the level of thinking aloud, and some of them may even be elaborated 
as a purely mental process. 

We are not yet in a position to say just why the transfer occurs at dif- 
ferent levels, or what are the limits of this transfer process. This will be 
the subject of future investigations. 
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However, the results obtained give reason to suppose that with careful 
step by step development of initial concepts, during which methods of 
Operating with these concepts will be acquired, no difficulty in the de- 
velopment of further conceptual systems will be experienced; this latter 
study may even be carried out more rapidly without having to develop 
each concept step by step. 


4 


As we have seen, working by our method requires that the teacher 
should take a considerable amount of trouble in preparing the lesson 
and the scheme of work, but that, on the other hand, the task of the stu- 
dent is made very much easier. 

Firstly, the pupil is not required to learn anything by heart—the ma- 
terial (“‘materialized’’) form of the thought process makes it unnecessary 
to learn any special set task by heart. The learning by heart takes place 
of itself, i.e. unintentionally and incidentaliy during the study process. 

Secondly, no homework was set in our experiments, and the only 
work that was performed was during the experiments. Nevertheless, the 
children not only assimilated a small number of concepts selected by 
us, but they also acquired the habit of working with other concepts. 

A further reason why teaching by our method is easier, is that the 
formation of the new concepts is very economical in effort (as compared 
with the usual “inductive’’ method). The child is not required to seek 
for himself and establish what are the essentials and the relationships 
between the features of the new concepts. Owing to a clear presentation 
of these essentials, there is no longer any need to vary the material in 
order that they may be elicited and generalized. On the other hand, the 
systematic variation of the basic forms of the particular effect being stu- 
died allows a complete generalization (at the appropriate level) to be 
realized in the course of applying the definition of the concept to the prob- 
lems supplied. 

The gradual transition from the completely detailed material (‘‘ma- 
terialized’”’ forms of the thought process to the “purely verbal’, and thence 
to the stage of “‘thinking to oneself” has the effect that the content and 
the logic of the thought process in all its forms becomes understandable 
and accessible to the pupils. The applications of the features contained 
in the definition of the new concept to the problem in hand is so organized 
that any deviation form the procedure as indicated, such as may result 
from an incomplete understanding of the process and from private at- 
tempts to find methods of supplementing it, are virtually excluded: if 
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they do in fact occur, then the conditions, which we have laid down to 
enable the process to be assimilated, allow these deviations to be revealed 
immediately, recognized, and corrected. 

Since the thought process remains unchanged (both in its objective 
content, whose accurate representation is specially elaborated in each 
higher form, and in the way it is applied), a dynamic stereotype develops 
rapidly, and complete assimilation of the thought process occurs. Con- 
cepts of the same group encountered subsequently, may as we have seen, 
be assimilated immediately at the higher level, and this may even take 
place directly in the process of thinking “to oneself”. 

All these effects together produce a sharp, and, it may be said, even 
a striking facilitation of the process of assimilating new knowledge, i.e. 
of acquiring an understanding of new concepts, and developing the cor- 
responding mental processes. 

At the same time there is another side to this problem which we think 
should certainly be pointed out. If we organize the conditions of work 
so that the action on the part of the pupil is almost completely determined, 
then subjectively, i.e. from the point of view of the pupil, these condi- 
tions will appear to be those which are most favourable to his course 
of action, giving him freedom to adopt his own standpoint and to acquire 
confidence in himself. He finds himself in the position of a person who 
knows what should be done, and understands how to do it; he also un- 
derstands that the work is of value, as he can see from the teacher’s at- 
titude to it. Although the task itself represents work for the child, it leads 
him successfully to his goal. 

It is therefore not at all surprising that when taught by this method, 
the children begin to take part in the work very actively and willingly, 
whereas previously they were at best indifferent to it, or else showed ac- 
tual displeasure, as though the work were definitely disagreeable. 


Translated by H. ASHER, B.A. 
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THE ORIGIN AND DEVELOPMENT OF 
THE CONSCIOUS CONTROL 
OF MOVEMENTS IN MAN * 


A. V. ZAPOROZHETS 


Institute of Psychology, Academy of Paedagogic Sciences of R.S.F.S.R., Moscow 


VOLUNTARY movements, in contrast to involuntary, are effected by man 
consciously. Control of movements of this type is effected through reflec- 
tion, the image both of the movements themselves and the conditions 
determining them. In this sense, voluntary movements can be regarded 
as the “consequence of our thought’’, as the “consequence of afferent 
stimulation from our subjective representation” (Pavlov, [8, p. 481)). 

Since the ’thirties Soviet psychologists (L. M. Shvarts, E. V. Gur’yanov, 
A. N. Sokolov, D. G. EP?’kin, A. Ts. Puni, P. A. Rudik and others) have 
been working systematically on the problem of the role of consciousness 
in the formation and performance of motor habits. Investigations have 
also been proceeding on the dependence of motor functions and their 
realization on the conditions and nature of the subject’s activity (A. N. 
Leont’ev, V. I. Asnin, P. Ya. Gal’perin and others). 

Continuation of the lines of these investigations and utilization of the 
outstanding achievements in the physiology of higher nervous activity 
together with the new spheres of knowledge such as the theory of the 
control of machines and living organisms now makes it possible to ad- 
vance a little in our understanding of the genesis and nature of conscious 
forms of movement control in man. 

The development of this control is evoked by vital necessity and is 
determined by the extraordinary complexity and constant variability of 
the external and internal conditions for human activity. 

Biomechanical investigations carried out here in the U.S.S.R. by Ukht- 
omski [11] and later by Bernshtein [3] and others on transporting 
and manual movements by man (particularly with tools), revealed that 
not even the most accurate dosing of the initiating effector impulses can 
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of itself ensure the execution of the required motor act in accordance 
with the conditions imposed by the task because of the multiplicity of 
the degrees of freedom in the kinetic systems of the human body, the 
elasticity of the muscular connections between their links, and the ex- 
tremely great and ever changing participation of “‘extra-muscular’’ (ex- 
ternal and developing in the kinetic system itself) reactive forces in the 
dynamics of movements of this type. 

The purposeful control of these complex movements is effected solely 
through “return afferentation” (P. K. Anokhin), by means of which the 
nervous system is continuously informed of the course of a premeditated 
movement and of all deviations from the required course. 

Alone, however, the information supply cannot itself effect control 
of motor behaviour. In order that the individual shall be able to evaluate 
the incoming information correctly and to convert it in the appropriate 
way into “executive information’, into a system of adequate efferent 
impulses, he must also know, even if only approximately, what he has 
to do: he must have some programme of the actions to be undertaken. 
Bernshtein very rightly states that the control of movements requires 
collation of the data on the actual values of the movement parameters 
to be regulated with the given values required of them, this latter system 
constituting the programme for the motor act to be performed [4, p. 86]. 

Thus, even at this point the biomechanical analysis of movements 
in man has shown that these cannot be effected on the simplified behav- 
iourist system (stimulus—reaction) and that, for their control, the subject 
must have some form of action programme. 

The physiological substrate for this programme is apparently the sup- 
plementary afferent complex of conditioned excitation which Anokhin 
[1] has designated the acceptor of effect. It can be assumed that the ac- 
ceptor of effect has undergone profound qualitative changes in the course 
of evolution. At early primitive levels in the organization of movement 
only the final adaptational effect of the reflex act is accepted, and the 
conditions for and means of its attainment are discovered blindly, so 
to speak, by means of chaotic reactions, by trial and error. At later stages 
of development the acceptor begins to reproduce not only the end ad- 
aptational effect but in addition the whole picture of the objective situa- 
tion facing the individual and the actions which must be performed in 
relation thereto. The psychical regulation of movements has arisen, regula- 
tion which is effected through reflection, through images. 

Rudiments of the psychical regulation of behaviour are also to be 
found in the animal world. Only the simplest form of such regulation, 
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however, is seen in animals and, more particularly, its most important 
component, the image of the movements to be executed, has not under- 
gone any very material development in them. This is connected with the 
fact that the ontogenetic development of motor function in animals mainly 
follows the line of adaptation of already existing forms of motor behav- 
iour, which have become fixed in the species experience, in relation to 
the varying external conditions of existence, which necessitates a certain 
degree of orientation to these external conditions but not to the features 
of the movements themselves. 

In contrast to this, man is required, right from early childhood, to 
master what are for him completely new, communally determined forms 
of motor behaviour, which present themselves to him as models, as some- 
thing requiring special orientation with a view to its mastery. The regulat- 
ing role of images in the formation and performance of motor acts is 
increased immeasurably under these conditions. 

At the same time, because of the existence of the second signal system, 
the images that are created in man acquire a generalized and conscious 
character, whereby movements executed on the basis of these images 
also become conscious and volitional in the strict and true sense of the 
latter word. 

The problem of the image and its role in the regulation of motor acts 
is the central problem in the psychology of man’s volitional movements. 
What is the nature of this image and how does it influence motor behav- 
jour? 

In general, the reflex theory of Sechenov and Pavlov and, more par- 
ticularly, their doctrine on orienting and investigatory reflexes are of 
decisive importance for the overthrow of the false subjective idealistic 
conception of the image and for a correct understanding of its genesis. 

According to the Pavlovian interpretation of the function of the orient- 
ing reflex as now developed by Asratyan [2], Anokhin [1] and others, 
this refiex plays an essential part both in the formation of any temporary 
connection and in the production of any already created system of con- 
ditioned behavioural reactions. 

That the orienting reaction plays an essential part in the formation 
of the temporary connection can be illustrated by the experimental find- 
ings obtained by M. I. Lisina in our laboratory. She elaborated condi- 
tioned vasodilator reactions to the action of an electric current in adult 
subjects. The method used was similar to that elaborated by Pavlov’s 
co-workers for investigation of the mechanism of volitional skeletal mus- 
cle movements. The experiment consisted of the following. Electrical 
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stimulation, producing unconditioned reflex vasoconstriction, was deliv- 
ered on the subject’s arm. As soon as temporary relaxation of the spasm 
of the vessels developed and there was seen to be some enlargement of 
their lumen while the painful stimulation still continued, the current was 
then switched off. Thus, extraordinary conditioned significance—that of 
a means for abolition of the action of a negative external agent—was 
conferred on the vasodilator reaction (and on the afferent impulse com- 
ing from it) by withdrawal of the painful reinforcement. Despite a very 
large number of combinations, a conditioned reaction of this type could 
not be elaborated in any of the subjects in the first series of experiments. 
It was found that, because of the weakness of the interoceptive impulses 
coming from the vasomotor effects and their unaccustomed role as be- 
haviour orientators, they did not attract the subject’s attention and so 
did not evoke an orienting reaction directed to themselves, which made 
formation of the required connection difficult. In the several subsequent 
series of experiments the subject’s attention was drawn to the activity 
of his vasomotor mechanisms by means of additional direct signaliza- 
tion (tactile, auditory or visual) which was varied in exact correspondence 
with the dynamics of the vessels or by verbal indications given by the 
experimenter, whereon the conditioned vasodilator reaction was elabo- 
rated relatively rapidly, and could be evoked thereafter by verbal instruc- 
tions or by self-instruction. 

The mechanism of orienting reflexes is, in living organisms, the ana- 
logue of the “‘follow-up systems”? which play an important part in mod- 
ern complex automation installations, the purpose of which is to furnish 
the required information to the control unit. 

Here, in the sphere of the activity of living beings, is seen the general 
principle of control, the essence of which is, in the words of Sobolev et al. 
[10, p. 29], that ‘““movements and activities of large masses or the trans- 
mission and transformation of large quantities of energy are directed 
and controlled by small masses and small quantities of energy carrying 
information”’. 

This also explains the particular role of orienting reactions in the 
activity of living beings. The character of orientational activity changes 
in the course of evolution. 

There exist, apparently, more elementary forms of orientation (both 
unconditioned and conditioned), which amount to setting reactions promot- 
ing better perception of stimuli and thereby facilitating demonstration 
of those among the stimuli which have unconditioned or conditioned 
significance for the organism. Orientation of this nature does not partic- 
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ipate in the formation of new forms of behaviour and does not anticipate 
the paths for their realization. It merely tries to discover in the surround- 
ings occasions for unconditioned and conditioned adaptational reac- 
tions existing in the organism. 

Orientation activity in the course of which a copy of the object ex- 
amined is built up is quite a different matter. The image developing from 
this type of orientation accepts the subsequent movement, regulates the 
course of its execution and facilitates the assimilation of new forms of 
behaviour. 

Orienting-investigatory activity of this nature, leading to the forma- 
tion of an image and, subsequently effected on the basis of the image, 
is now psychical activity. 

A large number of physiological investigations have been devoted 
to study of the mechanisms of unconditioned and conditioned orienting 
reflexes. 

The problem of orientation has recently begun to occupy the atten- 
tion of psychologists also (E. I. Boiko, E. N. Sokolov, V. S. Merlin and 
others). 

Some investigators, for example Leont’ev [6], Gal’perin [5], Luria [7] 
and others, have started to develop problems connected with the forma- 
tion of the image in the process of the subject’s orienting-investigatory 
activity. 

In the Institute of Psychology, Academy of Sciences of R.S.F.S.R., 
and the Department of Psychology of Moscow University my co-workers 
and I have been engaged for a number of years on experimental investiga- 
tion of orienting-investigatory activity and the images built up as a result 
thereof, and also the part played by these in the regulation of complex 
forms of motor behaviour at different stages in child development. 

The works of T. V. Endovitskaya, Ya. Z. Neverovich, Z. M. Bogu- 
slavskaya, G. A. Kislyuk, A. G. Polyakova, V. P. Zinchenko, D. B. Go- 
dovikova, T. I. Danyushevskaya, O. V. Ovchinnikova, L. I. Tsvetkova 
and others deal with investigations on the effect of various forms of orien- 
ing activity on the formation and functioning of motor habits, the suc- 
cessive changes in orientation with increasing familiarity with the con- 
ditions of the task, and also the stages in the development of investigatory 
activity in children. 

These experiments demonstrated that the process of motor habit forma- 
tion depended essentially on the intensity and character of this activity. 
The particular features of the orienting-investigatory activity influenced 
both the rapidity of learning and the quality of the habit when elaborated. 
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Ya. Z. Neverovich’s investigations, for example, showed that complex 
systems of manual (tooling) movements, elaborated in children showing 
different forms of orientation, acquired different internal structures and 
were characterized by different standards of execution. 

It is well known that the mastery of complex motor systems con- 
nected with the use of tools (e.g. the skill of hitting a nail with a hammer) 
presents considerable difficulty to children between the ages of 3 and 7 
years. Neverovich found that one of the causes of such difficulties was 
that, in the usual method of teaching the child’s orienting activity was 
directed mainly to the result of the action. The actual methods employed 
for its performance and particularly the hand movements associated 
therewith were at the periphery of attention, and in consequence, the 
analysing of the signals coming from them and the establishment of the 
corresponding connections was rendered exceptionally difficult (Table 1). 

The efficiency with which tool operations were mastered and the ac- 
tual standard of their execution were considerably higher when orienta- 
tion to the method of performing the action could be produced in the 
child in the course of training (Table 1). 


TABLE |. Number of blows struck by children to 
drive a nail in (as a percentage of the number of blows 
required before training) 

(Investigation of Ya. Z. Neverovich) 








With orientation to 
the manner of per- 
formance of the 


With orientation to 
Age of children the result of the 


action 

action 
3-4 years 40 7 
6-7 years 28 7 


This was achieved in Neverovich’s experiments by abolishing the 
results of the action (the child was asked merely to strike a board with 
the hammer) or again, by the introduction of a model which the child 
had to imitate. 

The experiments of Kislyuk, Polyakova and others produced evidence 
that the elaborated skills attained varying degrees of generalization and 
were variously transferred to changed conditions, depending on the char- 
acter of the orienting activity. 

Polyakova studied the transfer of the skill of traversing a table model 
labyrinth which had been acquired on the background of different types 
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of organization of the orienting-investigatory activity in children of dif- 
ferent ages. In one series the skill had been elaborated simply by demon- 
stration of the required movement by the experimenter, and in another 
series the child’s attention was directed during training to orienting points 
on the path, their relative positions were pointed out to him and he was 
first of all made to follow the alleys in the labyrinth from point to point 
with his hand and with his eyes. When the habit was formed in both re- 
spects the labyrinth was turned through 180° and the subject had then 
to find the way out of the labyrinth in its new position. It was found that 
transfer of the skill was accomplished much more successfully in the chil- 
dren trained in the second series of experiments than in those trained 
in the first (Table 2). 


TABLE 2. Percentage of children effecting transfer of 

the labyrinth habit elaborated by means of simple 

demonstration of the required action and formed in 

relation to special organization of orienting activity 
(Investigation of A. G. Polyakova) 


“\ Method of | | 
Se learning | With simple demon- | With special organi- 





Pe stration of the re- | zation of orienting 
\ quired action activity 
Age of children \_ 
3-4 years 10 : 50 
4-5 years 50 | 80 
5-6 years | 90 | 100 





es ote ee a rn ee 


It will be seen that the differences in the indices for the two series of 
experiments tended to disappear with increasing age. This is apparently 
explained by the fact that, even in the absence of special organization 
of their orienting activity, older children tended more and more to make 
such a detailed examination of the labyrinth on their own initiative and 
so achieved in the first series of experiments almost the same efficiency 
in the transfer of the skill as in the experiments of the second series. 

This investigation also revealed the particular changes taking place 
in the orienting activity of the child in the process of development. In 
the early stages of ontogenesis motor-tactile orientation was of dominant 
importance in the process of familiarization with the surroundings. Later, 
the eye, which earlier had followed the hand as it felt objects, borrowed, 
as it were, on its accumulated experience and became able to fulfil the 
orienting function independently. This transition from tactile-motor to 
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visual orientation can be illustrated by the results obtained by Boguslav- 
skaya, who studied the ways in which children of various ages familiar- 
ized themselves with strange objects (Table 3). 


TABLE 3. Percentage relationship between the various 
forms of orienting activity in pre-school children on 


first acquaintance with new objects 
(Investigation of Z. M. Boguslavskaya) 

















een _ Age of children 
== 34 | 45 5-6 | 6-7 
Forms of ri years jyears ‘years ‘years 
orienting activity Sa | 
ss wa 
Feeling of the object 44 | 33 28 | 21 
Manipulation of the object 26. 22 19 | 14 
Examination of the object | 30 | 45 53 | 65 


These findings indicate that, as age increased, the percentage of cases 
in which familiarization with an object was effected by touch and ma- 
nipulation decreased and purely visual orientation to new material in- 
creased gradually. At the same time it was observed that when older chil- 
dren were confronted with more difficult, completely unknown objects 
visual orientation was insufficient and there was need for their tactile- 
motor examination. 

In the course of the child’s development visual orientation becomes 
possible in relation to the learning of movements as well as in relation 
to objects. In this connection imitation plays an important part in the 
formation of motor habits. 

S. A. Kirillova’s experiments demonstrated that in the early stages 
of ontogenetic development the best training results were attained by 
“‘mechanical guidance” of the motor behaviour of children, by employ- 
ment of the method of “passive movements’’, and training by imitation 
gave relatively poor results. The importance, relative and absolute, of 
imitation in the mastery of motor skills increased as the child grew (Table 4). 

Although the children followed the actions demonstrated to them 
with great attention yet, because of their limited motor experience and 
lack of the necessary visuo-kinaesthetic connections, their visual impres- 
sions were still incapable of determining their motor behaviour. In con- 
trast, the visual image formed in older children in the process of imitat- 
ing the actions of another individual had a regulating effect on their motor 
activity. 
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TABLE 4. Average number of exercises required for 
the formation of a habit by the “passive movements” 


method and by imitation in children of different ages 
(Experiments of S. A. Kirillova) 


Nature of training : paceus 


; | Imitation 
Age of children “~~. movements | 
3-4 years 8 ! 12 
4-5 years 8 | 8 
5-6 years 5 | 5 
6-7 years 3 | 1 


The importance of speech, the second signal system, in the forma- 
tion and performance of motor habits increases progressively with de- 
velopment of the child. 

The experimental findings of Endovitskaya, Kislyuk and others af- 
ford evidence that the speech control of behaviour is effected through 
the medium of orienting-investigatory activity. At first speech can evoke 
orientation only in relation to objects directly perceived. Subsequently, 
at later stages in the child’s development, systems of conditioned orient- 
ing reactions, already formulated in relation to named objects and as- 
sociated with them by means of verbal designations, can be actualized 
in the absence of the corresponding objects by means of the verbal stimuli. 
There is development of mental orientation in the situation, which is 
immeasurably more abbreviated and generalized than direct orientation, 
and there is associated increase in the effectiveness with which preliminary 
verbal instructions, given without any visual indication of the conditions 
under which the action takes place, are carried out. 

Analysis of the experimental findings concerning the function of ori- 
enting-investigatory activity in the process of habitual movement forma- 
tion leads us to the conclusion that its main function is in the formation 
of the sensory part of the elaborated motor system, in the preliminary 
analysis and synthesis of the afferent stimuli in the system. 

The “intensification of sensation’? brought about by orientation, to 
which Sechenov drew attention [9, p. 430], is a factor of considerable 
importance for the separation of stimulations of a certain type from the 
general mass of agents acting on the analysers. 

This intensification, by means of orienting reactions, of the effect 
of stimuli of a certain type was demonstrated very clearly in investiga- 
tions carried out under our direction by E. N. Martsinovskaya. 


282 A. V. ZAPOROZHETS 


Martsinovskaya elaborated two different motor conditioned reac- 
tions in pre-school children in response to two different compound stimuli 
(a bright red circle on a pale yellow background and a bright green circle 
on a light grey background). During elaboration of the conditioned motor 
reflexes the experimenter oriented the children by directing their atten- 
tion to the strong elements in the compound stimuli (the colours of the 
central circles) in one series of experiments and to the weaker components 
(the background colours) in the other. These were followed by control 
experiments in which the components of the previous compound stimul! 
were delivered in new combinations (the red circle on the light grey back- 
ground and the green circle on light yellow) to determine how the chil- 
dren reacted to the new signal combinations. The results of these exper- 
iments, which are given in Table 5, showed that all the children (with 
few exceptions) who in the course of training had been oriented to the 
strong elements in the compounds, reacted to these strong elements ir- 
respective of the weak component with which they were combined. When 
the orientation had been to the weak elements in the compound the picture 
was materially changed, and the nature of the change varied in children 
of different ages. 


TABLE 5. Changes in the percentage relationships between the dif- 

ferent types of reactions in children to a compound stimulus in 

control experiments as determined by orientation to the respective 

components during the elaboration of a conditioned connection 
(Investigation of E. N. Martsinovskaya) 





Reaction 
some- 
Reaction | Reaction | times to 
Age of Orientation during to strong | to weak strong 
children instruction compo- | compo- some- 
nent nent times to 
weak com- 
ponent 
3-4 years To strong component 100 | — — 
To weak component 55-5 44-5 — 
4-5 years To strong component 90 — 10 
To weak component 20 | 80 — 
5-6 years To strong component 100 _ — 
To weak component — : 70 30 
6-7 years To strong component 100 — — 
To weak component { =— | 90 10 
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It was difficult to re-orient the younger children to the weak elements 
in the compounds and so to override the influence of their strong com- 
ponents with the verbal direction of the investigatory activity used in 
these experiments. 

In contrast, orientation to the weak components was easily produced 
in the older children by the same verbal methods so that the effect of the 
‘weak components was intensified and they attained functional predom- 
nance over the physically strong components. This intensification of the 
effect of stimuli by means of orienting reactions apparently plays a ma- 
terial part in the analysis of perceived effects, in the revelation of the signal 
significance of stimuli which are weak but not indifferent for behaviour. 

The synthetic function of orienting-investigatory activity proceeds 
simultaneously with the analytic function, giving expression to the rela- 
tionships between stimuli and thus enabling the temporary connection 
elaborated to be accurately co-ordinated with the stimulli. 

The investigations carried out in our laboratory by T. O. Ginevskaya, 
T. I. Danyushevskaya and others demonstrated that the elaboration of 
conditioned reactions to ratios in pre-school children took place much 
more successfully when there was special direction of the orienting ac- 
tivity to examination of these relationships than under the ordinary train- 
ing conditions (Table 6). 


TABLE 6. Elaboration of reactions to the relationships between 
the sizes of objects in children of different ages under ordinary 
conditions and with special organization of the orienting activity. 
The reactions to the ratios are shown as percentages of the total 


number of reactions for each age group 
(Investigation of T. I. Danyushevskaya) 


Age of children | 
Conditi 3 4 5 
onditions “ee 6-46 ; 
of experiment 


Ordinary conditions | 30 60 | 71 





With special organization of 
orientation 67 78 84 


rr 


It is interesting to note that a verbal reference to the ratios was suf- 
ficient to produce orientation in the older children, but that the younger 
children required more direct additional measures to direct their inves- 
tigatory activity, such as alternate pointing with the hand to the objects 
concerned in the ratio, gestural indications of their different sizes etc. 
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The result of the preliminary analysis and synthesis of stimuli, 
which were effected by means of orienting-investigatory activity, was 
that an image was gradually built up in the subject, a representation 
of the situation and the actions which had to be performed in rela- 
tion to it. 

The process of image formation is characterized by a specific change 
in orienting-investigatory activity and the process goes through a number 
of successive stages. This process has been traced in our laboratory by 
T. V. Endovitskaya, Ya. Z. Neverovich, Z. M. Boguslavskaya, A. G. 
Ruzskaya, G. I. Minskaya, D. B. Godovikova and others. Recently, 
V. P. Zinchenko has made use of cinematography for the recording of 
orienting movements of the eye, which made it possible to examine the 
course of the process in greater detail. 

(1) In the first stage of acquaintanceship with the conditions of the 
task the orientation is of chaotic character, in the sense that the orient- 
ing reactions are not yet carried out in a system corresponding to the 
stimuli operating. Each individual stimulis evokes orientation only to 
itself, quite apart from any connection with preceding or succeeding stimuli. 
The form of the orientation reactions has still not been developed to 
harmonize with the specific features of the object examined. In Ruzskaya’s 
experiments, for example, young children, when familiarizing themselves 
with flattened figures by feeling them, at first turned them round with 
the finger, constantly losing contact with the object, so that it was impos- 
sible to discover their features by this method of orientation. A system 
of the orienting feeling movements necessary for examination of an object’s 
contour had to be formed before the children could begin to distinguish 
the shapes of the different figures. 

(2) The character of the orienting-investigatory activity changed in 
the next stage. Orienting reactions to extraneous stimuli were suppres- 
sed and the subject’s attention gradually became concentrated on the 
actual conditions of the task. The most important change which took 
place now was the formation of conditioned orienting reactions and of 
corresponding differentiations. In the experiments of Godovikova, for 
example, a system of conditioned orienting reactions was gradually elab- 
orated in children when a series of unreinforced indifferent stimuli (suc- 
cessively lighted electric lamps) was presented repeatedly without in- 
structions of any kind. In addition to causing orientation to itself, each 
stimulus evoked conditioned reflex movement of the eyes to the point 
where a stimulus should appear the next moment. The elaboration of 
such a system of conditioned orienting reactions required different num- 
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bers of combinations of the indifferent stimuli in children of different 
ages (Table 7). 


TABLE 7. Average number of presentations of a system of indif- 
ferent stimuli necessary for the formation of a system of condi- 
tioned orienting reactions in children of different ages 

(Investigation of D. B. Godovikova) 


| 








| | | 
Age of children Bee i eee =e | oT 
| years . years years | years 
Number of presentations | 7:6 | 79 | 67 , 46 


ween - a toa S ee Se ee Ree es ca ee 








The connections formed in the process of orientation to indifferent 
stimuli can be utilized subsequently for the elaboration of a system of 
executive motor-reactions. Thus, the children in whom a system of con- 
ditioned orienting reactions had been elaborated in the first series of Go- 
dovikova’s experiments learned to press the corresponding reaction keys 
for such a system of signals much more rapidly than children who had 
not previously been made familiar with the system. 

The formation of the system of conditioned orienting reflexes cor- 
responding to the system of operative stimuli signified the emergance 
of the acceptor of effect which is the basis for the image formed of the 
situation and the actions to be carried out. It should, however, be remem- 
bered that the motor components of orienting reactions, as demonstrated 
in experiments such as those of Zinchenko, Godovikova and others con- 
stitute merely a part of the entire system. There are also other elements 
in its composition, among which strictly sensory changes play an im- 
portant part, these changes also being reflex and capable of acquiring 
a conditioned character. It is only this complete aggregate of the com- 
ponents in the system of conditioned orienting reactions that can repro- 
duce the picture of the external and internal conditions for action and 
can constitute a basis for the image of the situation. 

The image arises, then, when there is such a degree of familiarization 
with the task, but this is a purely sensory image, which is reproduced 
only in the presence of directly perceived circumstances and which re- 
quires the development of orientation in these circumstances. 

(3) In the next stage the system of orienting reactions, now created 
and associated with speech, becomes stereotyped and generalized. It can 
now be reproduced in the absence of direct perception of the object through 
verbal instruction or self-instruction. 
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Zinchenko succeeded in making cinefilm recordings of orienting move- 
ments of the eye when the object was presented to his subjects verbally. 
These oculomotor reactions were in general similar to the reactions to 
direct perception of the object. Later, there was a distinctive reduction 
in the effector links of the orientation reactions and the special features 
of the object were merely reflected by a distinctive constellation of ex- 
cited and inhibited cortical areas which now developed without any ex- 
ternal investigatory activity. 

Gradually, therefore, through the medium of orienting activity, the 
development of the image of the situation proceeded and there was transi- 
tion from sensory image to representation. 

These various stages in the development of the image during the process 
of orienting activity are similar to the stages in the formation of mental 
activities as established by P. Ya. Gal’perin. This points to the common 
origin of the processes. 

It should be noted that, although the preliminary orientation played 
a very material part in the formation of a’ motor habit, it can fulfil its 
function only when the subject had already had adequate experience of 
the action under similar circumstances or, in other words, if he already 
had a supply of appropriate temporary connections. If such experience 
were lacking or insufficient, then the preliminary orientation could not 
fully ensure the necessary result, and the formation of the image took 
place in the second part of the process of activity, when the subject 
proceeded from the orienting to executive activity, from the pre- 
liminary stage of familiarization with the task to its practical 
execution. 

Strictly speaking, it is only executive activity, only practical contact 
with the object that can actually reveal new properties in it which are 
still unknown to the subject and clarify their significance in relation to 
behaviour. Even in this case, however, orientation fulfils an important 
function. Following on the performance activity, it ensures that the in- 
dividual obtains the necessary information on the new properties of the 
surrounding activity revealed by this information. 

There is thus continuous connection between orienting activity and 
performance activity and constant transitions from one to the other. 
Strictly speaking, they represent different parts, different components of 
a single, purposeful human activity. While originally orientation of neces- 
sity lagged behind executive reactions, it later acquired the power of anti- 
cipating the ways in which these reactions should be effected, of creat- 
ing the image of what should be done. 
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When, either as a result of preliminary orientation or as a result of 
orientation in the course of the subsequent executive reactions, an ade- 
quate image of the situation and of the actions to be executed had been 
formed in the subject, there is a pronounced resultant change in the char- 
acter of the behaviour. 

We attach special importance to the objective signs of the develop- 
ment of the image which were demonstrated in the experimental investiga- 
tions of Ya. Z. Neverovich, O. V. Ovchinnikova and others. 

Prior to development of the image, the correct line of action is groped 
after blindly and erroneous lines are arrested only to the extent that the 
different trends receive positive or negative effective reinforcement, but 
the position changes with the development of the image. Correct move- 
ments are now fixed at once and erroneous movements are arrested from 
the very beginning, even before a positive or negative effect is attained, 
the former as corresponding to and the latter as failing to correspond 
to the established representation. 

Coincidence of the completed movements with the existing image 
begins to function as a special form of conditioned reinforcement, with 
the result that the effectiveness of learning is greatly enhanced. Orienta- 
tion is not suppressed on the development of the image but begins to 
perform a new function, namely, control over the execution of the move- 
ments by collation of the information received with the standard, the 
model created in the subject. 

This trimming of the motor behaviour to the standard existing in the 
subject stands out very clearly during the learning of motor habits by 
imitation, which was investigated in our laboratory by A. G. Polyakova, 
S. A. Kurillova and R. I. Sharkova. 

Tracing the ultimate fate of the developed motor skill, we found that 
if it was repeatedly reproduced under relatively constant conditions, there 
was gradual suppression of the orienting reactions. N. J]. Poddyakova’s 
investigation demonstrated convincingly that extinction of the orient- 
ing reaction was a very important sign of automatization of the action. 
Orientation was not, however, completely suppressed, was not suppressed 
to the entire system of stimuli acting on the organism at any stage of au- 
tomatization. There was always some critical point which remained within 
the field of the subject’s attention. In this special features of the stimull 
and their significance for behaviour played a part. 

Thus, it was observed in the experiments of S. M. Koslovskii on the 
late stages in the automatization of an elaborated motor habit that orienta- 
tion to a whole series of triggering stimuli (except the first) succeeding 
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each other in a stereotyped manner were extinguished, but agents which 
fulfilled the role of conditioned reinforcement continued to evoke active 
investigatory reactions. 

Investigations carried out under our direction by A. I. Meshcheryakov, 
L. A. Venger, V. P. Zinchenko, D. B. Godovikova and others showed 
that there was contraction of the sphere of stimuli causing orientation 
and change in its character during the automatization of an action. Con- 
trol following signals was displaced to the periphery of attention. For 
example, photic stimuli could now be kept track of through peripheral 
vision without any turning of the eyes towards them. 

At the same time the earlier orientation-investigatory operations were 
reduced, became stereotyped and were converted into orienting-setting 
operations. The now “known-by-heart” complex of setting signals, with- 
out detailed investigation of them and without elucidation of all their 
features, at once evoked a system of tonic changes and created a state 
of readiness to act in a certain manner in a certain direction. 

In this way orientation, which fulfils its basic function in the first stages 
of the mastery of a new movement, or in the initial period of change or 
rearrangement therein, retains all its importance in the course of its subse- 
quent functioning. 

There is an orientational factor even in the absolutely habitual, au- 
tomatized motor act, which emerges in the form of orientational setting 
reactions regulating behaviour in relation to the task confronting the 
subject. 


Translated by Dr. R. CRAWFORD 
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THE NATURE OF THE CONTRAST ILLUSION 


I. T. BZHALAVA 


D. N. Uznadze Institute of Psychology, Science Academy of the Georgian S.S.R., Tbilisi 


FORMULATION OF THE PROBLEM 


IF a comparison of two objects held one in each hand and differing in 
weight or volume is repeated 10 or 15 times, the subject develops a certain 
““set’? corresponding to the particular objects. This can be shown by fur- 
ther experiments in which pairs of similar objects are presented and which 
are perceived as differing in weight or volume. 

From the conditions of the experiment, the object would be expected 
to appear heavier or greater in volume in the hand receiving the greater 
weight or greater volume during the development of the set. In practice, 
the object is interpreted as lighter or smaller in volume in the hand which 
was habituated to the experience of the heavier or larger of the two objects 
and likewise seemed heavier or larger in the hand which had _ had ex- 
perience of the smaller and lighter. Here we are concerned with a paradox- 
ical reaction often called the contrast illusion. 

Until now there has been no clear understanding of the relation be- 
tween the effects of contrast illusion and set, and D. N. Uznadze has there- 
fore thought it necessary to point out that “the very common occurrence 
of the contrast illusion in our experiments throws doubt on the notion 
that we are dealing with the phenomenon of set in these experiments, 
and not with something else’ {6; 21]. Uznadze’s formulation of the reason 
for the development of the contrast illusion is as follows “‘... If the subject 
develops a stable set towards objects of large volume, a given object dif- 
fering considerably from the one to which the set has been developed 
cannot be included in the set, which is therefore destroyed and replaced 
by an opposite set which can include the object and which shows it to 
be considerably smaller than it actually is’ [4; 326}. 

Thus, according to Uznadze, an object which cannot be assimilated 
within the original set will cause its breakdown, and a new set will now 


* Voprosy psikhologii, No. 4, 42-52, 1958. 
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be established and subsequent perceptions made in terms of it. Since 
originally the training given was in the instruction—“‘large on left—small 
on right’, a set now develops acting in the direction—‘“‘small on left— 
large on right’. Subsequent impressions proceed on the basis of this set, 
and will appear new and contrasting, although, as Uznadze has pointed 
out, the process represents one of assimilation. 

There is also a further problem: if the action of equal stimuli breaks 
down a previously established set, why is it that the result is the emergence 
of a contrast effect and not the restoration of a true appreciation of the 
stimulus intensity? If the previous set has been destroyed and its nature 
was such as to alter judgements in a direction corresponding to assimila- 
tion, then the nature of the contrast illusion remains unexplained. Should 
not contrast effects also be present even when there has been no appreciable 
change in the set itself? 

To resolve this problem, in addition to making use of the verbal re- 
ports of the subjects tested we based the experiment mainly on objective 
recordings using a cathode ray oscillograph. 


METHOD 


In one hand the subject was given a dynamometer requiring consider- 
able force, while the other held another model which was more easily 
operated ’. The electrical potential developed in the arm muscles was re- 
corded on the oscillograph (1 mm=25yV). The electrodes were fixed with 
collodion to symmetrically placed points on the flexors of both forearms. 
The potentials developed were recorded on film; the difference between 
the recordings from the two hands could be seen with the unaided eye. 
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FIG. 1. 


The tracing for the left arm is recorded parailel with the time tracing 
below; those for the right hand—above (Fig. 1). The subject was told 
to press with both hands simultaneously, and to make an equal move- 


1 For brevity we will refer to these as the strong or weak dynamometers. 
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ment with each until the difference in pressure could be clearly felt. The 
left hand had the strong dynamometer (55 kg), and the right the weak 
one (35 kg). The same subjects were used for a second set of experiments 
in which the dynamometers were interchanged, the left having the weak, 
and the right the strong dynamometer. Two unequal dynamometers were 
used in order to establish a set by means of 15 repetitions of the movement. 

This was followed by an experiment in which the subject operated 
two dynamometers each of 35 kg until he no longer noticed any apparent 
difference, i.e. until the set had been abolished. In each experiment, as 
well as making oscillographic recordings, the verbal reports of the subject 
were noted. 

Two variants of this latter part of the test were employed: in the first 
the subject was instructed to stop pressing the dynamometers as soon 
as he noticed a difference between them, 1.e. as soon as the contrast illusion 
appeared. In the second case he continued to press them after this, press- 
ing hardest with the hand which appeared to encounter the greater re- 
sistance. The results of the two experiments are considered separately. 

Forty-five subjects were used for these experiments. 


EXPERIMENTAL RESULTS 


1. As the myograms in Fig. 1 show, the experiment began with the 
hands completely relaxed. For almost a whole second the tracing is quite 
straight. This shows that the muscles are completely relaxed. Then the 
subject begins to press the dynamometers equally, and this continues 
thus for 2 seconds. It can be seen from the two myograms that the pres- 
sure is the same for both hands. It must be understood that there had 
been a preliminary period of training. 





IYER ANYWORD 
FIG. 2. 


After some preliminary practice, a set is established by compressing 
dynamometers of different strengths, that in the left hand being the stronger 
of the two (Fig. 2). Since the subject has to overcome a greater resistance 
in the left hand, he contracts these muscles more strongly, and this is 
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Shown in the lower myogram by the greater frequency and amplitude 
of the oscillations; the right hand compresses the weaker dynamometer, 
and therefore moves it through the same distance with the exertion of 
a much smaller force. 

The difference between the myograms of the two hands is very dis- 
tinct: the left hand works more strongly, and so develops greater poten- 
tials. There was a pause of 1-114 seconds between the two experiments. 
This period appears on the myogram by two almost straight lines, show- 
ing that the muscles return to a relaxed condition during this time, and 
show no after effect from the contraction. This shows experimentally 
that the set is not developed in the muscles, i.e. not peripherally. 

The next experiment consists in compressing dynamometers of equal 
strength (Fig. 3). 
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FIG. 3. 


As has already been explained, before developing a set, the subject 
compressed the two similar dynamometers to the same extent (Fig. 1); 
but now, when he attempts to do the same thing, as is reported by the 
subject himself, it seems to him that the conditions of the experiment 
have changed. He is convinced that the left hand now encounters much 
less resistance than does the right, and he therefore says: “The left hand 
is performing the task very easily’. It is clear that the origin of the dif- 
ference is due to the development of a set, but the following point must 
be noted: the stimuli in the second experiment appear to the subject to be 
the reverse of those actually encountered in the previous one; while in 
the former the stronger dynamometer was in the left hand, it now seems 
to him that it is the right hand which is operating the stronger instrument. 

It must be noted that the oscillograms (Fig. 3) do not correspond 
at all to the verbal description. It can be seen that in the second part of 
the experiment the subject continues to exert a greater force with the 
left hand; the myogram of the left hand differs from that of the right both 
in the greater amplitude and in the greater frequency of the oscillations. 

That must have been the case, because the subject was using equal 
dynamometers and had a previously established set. This means that 
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he contracted the fingers of the left hand more strongly than those of 
the right. The oscillograph records the effort expended by the flexors 
of the hand, i.e. it gives the objective measurement. 

This experiment reveals a further point which can only be appreciated 
from the verbal report: the hand which produced the greater effort in the 
second experiment appears to encounter less resistance than in the previ- 
ous experiment, and the subject therefore easily overcomes the resistance 
to the left hand, and it seems to him that the dynamometer in that hand 
is the weaker of the two. This is the experience which we call the con- 
trast illusion. 

It is therefore clear that the development of the contrast illusion de- 
pends on a previously established set. The latter so directs the work of 
the finger flexors that similar objects are perceived as dissimilar, i.e. an 
illusion develops. Thus the reason for the development of the contrast 
illusion is based not on a new but on an old set which governs the per- 
ception of the test objects in the second experiment. 

Thus we have ascertained that the action of a set developed under 
controlled conditions is one of assimilation, and that it forms the basis 
of the contrast illusion which occurs when the subject is presented with 
equal stimuli. This continues until the subject, who is carefully following 
the instructions, stops pressing the dynamometer immediately the con- 
trast illusion develops. But if we prevent this from happening, as we shall 
see presently, a characteristic break will occur during the course of the 
experiment. 

In the second variant of this experiment, as has already been explained, 
the subject was not limited to experiencing the contrast illusion but con- 
tinued to react by changing the effort expended according to his own 
subjective experience; in other words, he reacts to the illusory sensory 
input. This means that he expends a greater effort in compressing the 
dynamometer with the hand which appears to encounter the greater re- 
sistance, i.e. he flexes the fingers of the right hand more strongly. In this 
way the stronger contraction shifts from the left hand to the right, though 
this does not take place at once, but gradually. This makes it possible 
to follow the phases during which the change-over of the set occurs (Fig. 4). 

It can be seen that at first the myogram of the right hand is the greater 
of the two, but that soon the difference becomes more marked and the 
subject begins to contract the fingers of the right hand more strongly. 
As the result, the myogram of the right hand shows electrical potentials 
from the flexor muscles which are greater in strength and in amplitude 
than those of the left. 
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Thus, after a set has been established by using dynamometers of dif- 
ferent strengths, a strong one in the left and a weak one in the right hand, 
if the subject then squeezes a pair of equal dynamometers, he receives 
the impression that the one in the left hand is the weaker and that in the 
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right the stronger. By frequent repetition of this experience which, though 
illusory, seems perfectly real to the subject, a set in the opposite direc- 
tion becomes established: a set towards the perception of a strong dy- 
namometer in the right hand and a weak one in the left. This is the basis 
for the externally recorded effects which result in the dynamometer of 
the right hand being compressed the more strongly. A set in which the 
left hand contracts more strongly is replaced by one in which the opposite 
occurs. Thus the initial set gives rise to a new one which corresponds 
to the subjective impression of the subject. There is a change of set: the 
first one is replaced by another. It can now be understood why in both 
cases, despite the contrast illusion, we are concerned with an assimilatory 
action of the set. 

In this way, oscillographic recording of the effects of set has made 
it possible not only to describe the illusion of force, which has not been 
known until now, but also to distinguish two stages in the action of the 
set. In the first stage, as we saw, the set acts by assimilation, and this is 
the basis for the development of the contrast illusion. The second stage 
begins with the development of the contrast illusion which is the impetus 
for the change in direction in which the set acts. The subject acts in terms 
of the contrast illusion and a set develops corresponding to it but ex- 
perienced by him as a real distribution of stimuli. 

2. Similar results were obtained with the illusion of volume. We will 
select one myogram as illustration. 

In the first part of the experiment the subject holds and feels a large 
sphere in the left hand and a small one in the right. Fifteen repetitions 
of the comparison are sufficient to enable a set to be developed to the 
perception of a Jarge sphere in the left and a small one in the right. 
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On flexing the fingers of both hands with equal force, as instructed, 
the subject encounters a strong resistance with the left hand and this stim- 
ulates a stronger contraction of the muscles and involves a greater ex- 
penditure of energy. This is reflected in the myogram (Fig. 5) which there 
is no need to describe, as the difference between the curves of the two 
hands is so very marked. 
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The experience of the subject is as follows: in the left hand be has 
a large object, and he perceives it as large, while in the right hand he holds 
a comparatively small object and perceives it as small. In short, there 
is complete agrezime:t between the established set and the subject’s ex- 
perience. 

In the second part of the experiment the subject acts in accordance 
with the established set. He therefore exerts the greater contraction with 
the fingers of the left hand which held the greater sphere in the first part 
of the experiment. (A succession of contractions with the left hand is 
shown in Fig. 6). The fingers of the right hand contract so little as to be 





Fa Bathe ST Ug Re ee 


FIG. 6. 


scarcely visible on the oscillogram. This can also be understood when 
we take into account that the impression of difference in the volume has 
suggested to the subject that he should cease contracting the fingers. He 
thus continues to perceive a difference between the two equal spheres. 
He was convinced that the sphere in the right hand was large and that 
in the left small. It was abundantly clear from his verbal account that 
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he was flexing the fingers of the left hand much more lightly and against 
a much smaller resistance than those of the right. As a result of this, the 
sphere in the left hand seemed to him reduced in size while that in the 
right appeared increased. These conditions form the basis for a contrast illu- 
sion which would not have arisen unless the left hand had continued to exert 
a more pronounced flection as the result of the previously established set. 

In this case too there is disagreement between the subject’s impres- 
sions and the myograms. 

The contrast illusion depends here also on the previous development 
of a set and at the same time it constitutes a signal for the change of the 
operative set. | 

The first stage of action of the set is effected in this way, after which 
a second stage is initiated which is directed to the establishment of a set 
corresponding to the contrasting illusory perception of the stimuli. This 
takes place at the time when the subject attempts to overcome the im- 
aginary resistance to the right hand, contracting these fingers more strongly 
than those of the left hand, i.e. he is operating against the previously elab- 
orated set. This represents the reason for the extinction of the previous 
set and the development of the new one. 

3. We will now say a few words about the results of the experiment 
on the weight illusion. 

The subject raises a pair of unequal weights 15 times, the left hand 
lifting 1000 g the right 200 g after which a pair of equal dumbells 
of 200 g each are substituted, and visual clues are excluded. 

The second part of the experiment followed the same course as those 
already described and for this reason we have not included the myograms. 

Thus from these experiments it is clear that the development of the 
contrast illusions concerning force, volume, and weight all follow the 
same course, and in all three cases the contrast illusion has the same base 
which is the development of a set in the individual. 


DISCUSSION 


Charpentier supposed that tactile sensation played the most important 
part in the contrast illusion. A large object comes in contact with a large 
surface of skin and so acts on a large number of receptors; a small object acst 
on a much smaller number of receptors. For this reason the large object 
appears light and the small one heavy. 

Charpentier’s mistake was shown very simply by Flournoit (1895). 
The weights were raised using rings placed on the finger. The illusion 
was still just as strong. Thus it still develops when the same number of 
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tactile receptors are stimulated in each hand. Charpentier’s view is also 
opposed by the fact that the weight illusion cannot be elicited if vision 
has been excluded. 

G. E. Muller theory of “‘false expectation” is based on the following 
consideration: from frequent experience in every day life we develop 
a tendency to suppose that a larger object is heavier than a smaller one. 
“On account of this expectation, a large force is developed in the hand 
to raise a large object, which is then lifted very easily. Precisely the op- 
posite situation obtains in the case of a small object. The impression de- 
veloped on this account compels the subject to describe the larger object 
as lighter than the smaller one” [7]. 

According to Flournoit, the object which is thought to be the heavier 
is raised more quickly than the other. Claparéde has shown that it is the 
rapid raising of the object which induces the contrast illusion. There is 
nothing essentially different in this view from G. Muller’s theory of “‘false 
expectation”. 

It is not difficult to see the weakness in this theory, because as Seashore 
has pointed out, Charpentier’s illusion is very stable. According to Nyssen 
and Bourdon [7] it occurs even when the subject knows that the two weights 
in front of him are equal. The occurrence of the illusion under these con- 
ditions shows that “‘false expectation”? is not directly concerned in Char- 
pentier’s illusion. 

The most effective criticism of the theory of “‘false expectation” is 
that of Uznadze. He developed a set in his subjects during hypnosis. On 
awaking, the subjects had completely forgotten the training experiment, 
but the contrast illusion occurred when they were presented with a pair 
of similar objects. In this case, the subject knew nothing of the experi- 
ment previously performed on him, and there could therefore be no reason 
to think that there was a “false expectation’’. 

It has long been known that a phenomenon similar to the weight il- 
Jusion occurs in the perception of a pressure when the finger joints remain 
motionless and the subject does not experience any associated movements 
[3]. ‘“‘Essentially the same thing can be said of the volume illusion’’, writes 
Uznadze. “When a subject makes a haptic comparison of the size of two 
objects and expresses a definite opinion as to the relation between them, 
the rate at which they are raised plays no part in this judgement. There- 
fore it is wrong to base an explanation of these illusions on phenomena 
which can only occur in the case of weight perception. Since however 
all three illusions are of the same kind, a new explanation must be found 
which applies to all three modes of sensory perception” [5; 183]. 
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Clearly a new explanation must be found in terms of the experiments 
which condition the individual and so induce the illusion. The results 
of our experiments apply here, both in connection with the perception 
of force and volume and in the case of weight. In all cases the illusion 
is preceded by the elaboration of the corresponding set. This allows us 
to suppose that, as Uznadze has pointed out, we are dealing with a gen- 
eral effect which lies at the base of quantitative judgements and is con- 
cerned in all similar conditions when a comparison of objects with re- 
spect to other quantities such as weight, volume, and force is made. This 
phenomenon constitutes the set, which, as has been proved experiment- 
ally, is established in respect of the relation between the two quantities 
and therefore remains the same no matter how the material actually used 
is changed or whatever sensory modality is concerned? [6; 39]. 

This standpoint will be found helpful in explaining the development 
of the contrast illusion. 

When we develop in a subject a set to exert a greater force with the 
left hand than with the right, the subject continues to operate in the same 
way in the next part of the experiment. On this account the muscles of 
the left hand contract more and those of the right less strongly. The ex- 
perience which the subject derives from this shows only that when using 
a greater force the resistance is overcome more effectively and therefore 
the left dynamometer appears weaker than the right, though in fact the 
two are equal. Contraction of the muscles of the right hand continues 
in accordance with the previously elaborated set, i.e. with less force, and 
therefore the subject experiences a feeling of greater resistance to the 
right hand. 

A similar picture emerges in developing a set to the perception of 
different volumes. In this case too, a set is developed towards the percep- 
tion of a large object in the left hand; as we have already shown, where 
a small object was felt by the hand, the fingers contracted with the force 
to which they had been conditioned previously, and therefore the object 
grasped by the hand trained to the large object seemed relatively much 
smaller than in fact it was. The reason is that in the second part of the 
experiment, when feeling the object, the left hand continues to exert the 
same force which it employed in the experiments in which the set was 
developed. 

After developing a set to the perception of unequal weights, two equal 
weights presented to the subject subsequently will be interpreted as un- 


1 We consider the central! origin of set to be self-evident and therefore do not consider 
it necessary to report experimental results which confirm this view. 
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equal, the one held in the hand conditioned to the heavier weight appear- 
ing the lighter of the two. Precisely the same thing occurs in Charpentier’s 
phenomenon, when the larger object raised appears lighter than the small 
one. The perception of a large and a small object establishes that set which 
is induced by objects of different weight, since as far as our consciousness 
is concerned a large object is interpreted as a heavy one. 

It follows from this that the subject’s relation to the test objects which is 
based on the set which has been elaborated accounts for his experience which 
is shown by the descriptive words he uses such as “flying up’’, “‘sticking 
to the support’, “compression’’, “swelling”, “getting larger’, “getting 
smaller” etc. After elaboration of the particular set, raising of the small 
object gives the impression of “flying up” if we raise it with a large force; 
an object will appear heavy and as though “‘stuck’”’ down since we raise 
it with a smaller force. The same thing is observed in the volume illusion: 
of two equal objects, one seems reduced in size and the other increased; 
in the case of the illusion of force, one is interpreted as weak and the other 
as strong. In these subjective experiences, that which has been called the 
contrast illusion enters our consciousness, and there is therefore no reason 
to invoke any other explanations. 

As far as the significance of the situation for the subject is concerned, 
we have seen that he begins to act so as to direct a large force at the point 
where the greater resistance is felt. Thus the reason for the alteration of 
the original set to an opposite one is to be found in the sensations devel- 
oped on the basis of the old set. 1.e. that which preceded the formation 
of the new set. Until the new set has been developed, the subject is in 
a transitory condition in which there is a disagreement between the op- 
erative set and the experience which he receives while under its influence. 

This state of affairs may of course last for a considerable time, and 
at a certain instant, as the experimental results show, the sensation of 
contrast comes to control the situation and a set is developed correspond- 
ing to this new situation. In other words, the sensation of contrast is the 
signal that the acting set shall be replaced by another which is appropriate 
to the subject’s sensations. 

While under the control of this signal, the subject attempts to exert 
a greater force with the hand which appears to encounter the greater 
resistance. In our experiments this is the right hand, and it is therefore 
clear that the subject will contract the fingers of this hand most strongly. 
In this way a set is developed which is in the opposite sense to the op- 
erative one and which corresponds to the subjective experience of con- 
trast. It may be thought that over a certain period there must be two sets 
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operating in opposite directions, so that for a time the illusion would 
be less clear. At one time the old set would predominate, and then there 
would be an equilibrium between the two so that there would then be 
a correct perception of two equal objects. This is the way that we interpret 
the extinction phase of the set, which as is well known, shows considerable 
variation from one individual to another. 

It cannot be said that there were no difficulties, even when the ex- 
periment was carried out by the usual method without using oscillographs. 
The replies of the subject were often indefinite when describing the il- 
fusions; however, it was not clear what the nature of this difficulty was, 
since introspection usually revealed a contrast illusion, and the preced- 
ing period was not noticed. The fact that we could reveal it objectively 
made it possible to obtain a recording of the effect of the set. 

The use of an objective method made it clear that the operative set 
does not come to an end immediately, but fades away over a definite period. 
A transitory condition in which the experience of the subject and the 
objective record of the old set are at variance occurs between the decay 
of the old and the development of the new set. This is resolved by the 
development of a set corresponding to “‘contrast perception” of the stimuli, 
i.e. to the contrast illusion. 

In following the requirements of the general law governing change 
of set as established by Uznadze, we were able to make observations on 
the effect of the established set both before and after its disappearance. 
Before it had disappeared, the action was assimilatory, so that the force 
exerted by the left hand was greater than that of the right. This represents 
the reason for the disappearance of the set, because on pressing both 
dynamometers equally the subject continues to act in accordance with 
the established set, and therefore the dynamometer in the hand which 
has been trained to the strong one appears weak. Subsequently, by tak- 
ing this into consideration, the subject exerts the hand in which he feels 
the greatest resistance. From this moment onwards a new set is formed 
which is opposed to the direction of the first: whereas before the set was 
such as to correspond to “large on the left, small on the right’’, now it 
is of the kind: “‘left—small, right--large”’. The basic reason for the change 
of the set, as Uznadze showed, is the marked difference between the stimuli. 
The greater the similarity between the training and the test objects, the 
less easy is it to destroy the set which has been established. Everything 
that has been said above naturally confirms a set which has been quan- 
titatively established, because as Z. I. Khodzhav has shown, a set only 
works in a quantitative way in directing the assimilation of impressions. 
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In studying the physiological mechanism of “‘set’’, some investigators 
have attempted to find its origin in the phenomenon of contrast illusion, 
but this attempt has not been successful. The reason for this can be seen 
from the results of our experiments; it 1s also clear that the physiological 
mechanism underlying “‘set’? must have an assimilatory action. 

Our previous research has shown that the physiological mechanism 
must be regarded as either part of the system composed of the cortex 
of the two cerebral hemispheres or else as “the dominant’’: there is no 
appreciable difference between these two views [2]. Everything that we 
know about “the dominant” gives good reason to suppose that the gen- 
eral physiological basis of “‘set’’ is to be sought in this direction. 


SUMMARY 


Strength, weight and volume illustons were studied objectively by 
oscillograph records of the processes accompanying the development of 
the set. 

It was found that after it has become established the set continues 
to act for a certain time in the initial direction, 1.e. the phenomenon is 
one of assimilation. Meanwhile the verbal reports of the subject show 
that they are experiencing the contrast illusion. 

The establishment of the set represents the essential basis for the per- 
ception of contrast in equal objects. 

The contrast tllusion represents the sensory input and has the effect 
of reversing the subject’s response and so results in the development of 
a new set which corresponds to the illusory perception of the stimult. 


Translated by H. ASHER, B.A. 
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STUDIES ON THOUGHT AND SPEECH 
PROBLEMS BY PSYCHOLOGISTS 
OF THE GEORGIAN S.S.R.* 


R. G. NATADZE 


Department of Psychology, Tbilisi University 


SINCE the establishment of Soviet power, a considerable amount of ex- 
perimental work in psychology has been directed to the study of the prob- 
lem of thought and speech. 


THE PSYCHOLOGY OF SPEECH 


1. The first investigation into the psychology of language and speech 
was published in Georgia in 1923. This was the study by D. N. Uznadze 
of the psychological basis of the naming process [21]. After it had been 
published in German [25] there were considerable repercussions in the 
psychological literature, and as will be shown below, this was the start 
of further and more thorough experimental work in this direction at Tbi- 
lisi University. 

This investigation played an important part above all in studying 
one of the chief problems of the psychology of speech—the problem of 
the relation between the word and its meaning; this is shown by the con- 
siderable space devoted to this problem in A. Willwoll’s monograph [29; 
32-351, where the results were considered and contrasted with the clas- 
sical theory of O. Seltz, K. Buhler and others. 

In his investigation, D. N. Uznadze showed experimentally that dur- 
ing the act of naming, the relation between the sound complex and its 
content was not of a chance mechanical kind; it has a definite psycholog- 
ical basis. This linkage is not brought about merely by the factor of as- 
sociation, i.e. not by a simple association between the sound complex 
and the meaning of the word but by a more diffuse factor involving the 
whole condition of the subject. 

In this work the author did not reveal the precise nature of this factor, 
but it 1s clear to anybody acquainted with D. N. Uznadze’s theory of 


* Voprosy psikhologii, No. 5, pp. 91-107, 1957. 
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set that here he had in mind the condition of the subject which was later 
referred to by the term “‘set’’. This was confirmed in one of his later works 
in which he directly states that set is a factor which creates a single sound 
complex and significance in a word (see below. section “Internal forms 
of speech’’). 

In experiments on naming, the subjects were given 42 meaningless 
“words” (groups of syllables), and from these they were told to choose 
names for a number of quite complicated shapes drawn on paper. It was 
found that altogether the subjects selected only 68 per cent of these words 
as names, while the remaining 32 per cent were rejected as unsuitable. 
Several words were chosen by many of the subjects as names either for 
the same figure or for figures showing a close resemblance to each other. 
The author considers that the psychological basis for the naming process 
is the “general impression’? and the “emotional tone” as constituting 
the common factor between the object and the name given to it. 

This investigation is also relevant to another important present-day 
psychological problem, that of intermodal “affinity” or unity. It must 
be emphasized that D. N. Uznadze’s work was published before that 
of E. Hornbostel [27] who renounced the traditional mechanistic, atom- 
istic, psychological theory of sensation which interprets the modalities 
as independent isolated mechanisms. 

The experimental results of this investigation are advanced by W. 
Kohler in connection with (1) the evidence for the theory of the objec- 
‘tivity of the psychic “inner” world as part of the “external” world, and 
(2) the possibility of direct access to another’s experience [28]. 

2. After D. N. Uznadze’s death [1], his work was continued by A. G. 
Baindurashvili in the Department of Psychology of Tbilisi University 
{13; volume X]]. 

D. N. Uznadze was one of the first to show that the naming of objects 
is a systematic process, and that it has a psychological basis. However, 
the method he used was not quite appropriate, and the results he obtained, 
as we have seen, were never completely analysed. The psychological factor 
which is operative in the naming process was not completely elucidated. 
Naturally further study was required, and this was carried out by A. G. 
Baindurashvili, who succeeded in perfecting the method and extending 
the experimental work. 

He proposed that the objects to be named should not be drawings 
having no significance, because under normal conditions a person is never 
required to name an object of this kind. He chose instead real phenomena 
for which there was no name in the subject’s own language. In the ex- 
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periments, the subjects were asked to give a name to objects which either 
had no name in Georgian or whose correct name was not known to the 
subject (altogether 21 objects were presented). For instance, he might 
be told to supply a name for the process which in Russian is conveyed 
by the word “yekhat”* (in Georgian ‘“‘yekhat’” and “to go on foot” 
are represented by one and the same word, as in French); to supply a word 
having the significance of the German word “‘fressen’’, which means “‘to 
eat’, but only as applied to animals; to think of a word combining the 
concept of bulls and cows (generalized concept); to supply a name to 
replace borrowed foreign words which have a different significance in 
their own language; to supply a single word for ‘‘student hostel’’; to sup- 
ply a single word meaning “a vehicle drawn by animals’’; to supply a name 
meaning “‘a vehicle moved by a force of nature’; and to name a number 
of pictures of various kinds. 

The experiment consisted of two parts. In the first part the subject 
himself had to invent the name for the object, and in the second part he 
was supplied with a list of 10 meaningless “words” from which he had. 
to choose one to apply to the particular object. In the instructions it was 
emphasized that he was required to supply a name for a phenomenon 
for which no name existed. 

The results obtained allowed the author to deal with many funda- 
mental problems of the psychology of speech. They showed clearly that 
a set of qualities with which the naming process was concerned presented 
itself differently to the minds of different subjects; this can be more ac- 
curately stated by saying that different qualities occupied a central posi- 
tion. Although the central feature did not always coincide with the es- 
sential attribute named, it nevertheless played a decisive part in the choice 
of the descriptive word used. 

The following result is significant. The need to use a new word for 
purposes of communication compels the subject not to restrict himself 
to his own knowledge of the object to be named, but to search in his own 
system of knowledge to find in it a corresponding place for such a set of 
qualities (to establish relations with other concepts), and to use this place 
as a starting point for the naming process. Thus in the naming process, 
there is not only the establishment of a link between the particular at- 
tribute and the name applied to it, but also the acquisition of meaning 
by the word given. This seems to us to constitute a powerful argument 
against the mechanistic explanation in terms of association, which de- 


* Translator’s note: This Russian word means “‘to go’, but applies only to cases 
where the subject travels in or on some kind of conveyance (train, sledge, car, horse, etc.). 
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scribes the naming process as a simple association between the attribute 
and the name for it. The author quite correctly points out that the func- 
tion of speech is not merely to effect communication, but has a cognitive 
significance. 

In order that a particular sound complex and the meaning of the as- 
sociated name should merge within the consciousness of the individual, 
he must experience and appreciate them as related to each other. Many 
of the proposed names were rejected by all the subjects as quite “‘inap- 
plicable’. Among the sound complexes proposed there were some which 
were selected from amongst a group of 10 by the majority of the subjects; 
one name was chosen by 100 per cent, another by 75 per cent, and a third 
by 64 per cent of the subjects. All this demonstrates that naming is a sys- 
tematic and not a chance process. On the other hand, by itself the sound 
complex has no functional relation to any named attribute, so that the 
majority of the sound complexes are selected by different subjects as the 
names for different attributes. 

The sound complexes are accepted as a name only when the subject 
accepts them as corresponding to a “‘set’’ for finding a name for the par- 
ticular attribute. 

It must be pointed out that the naming process consists of far more 
than finding the appropriate name: the sound complex which is accepted 
as “suitable” for naming a particular phenomenon exerts a reciprocal 
action on the experience of the attribute perceived and changes its structure 
in the subject’s mind. The mutual relationship between these two proces- 
ses continues, so that they no longer exist in the subject’s mind independ- 
ently of each other. and the name “‘assimilates” the attribute and vice versa. 

The author of the article considers that the “‘set’”’ of the subject rep> 
resents the basis of the naming process and that this consists of finding 
the ‘“‘corresponding” name and the subsequent assimilation of the name 
with the object named. The effect is that the objectively indifferent sound 
complex is “appreciated” by the subject as naming a particular attribute. 

3. Work carried out in the Psychology Department of Tbilisi Uni- 
versity by M. G. Kolbaya [3] concerns the relation between speech and 
thought; he showed experimentally that deaf-mutes not possessing normal 
speech could not grasp even concrete concepts, while others who had 
been taught speech in special schools could do so (see below, section on 
“The pathology of the thought process’). From this the author con- 
cludes that speech and thought are one. 

4, D. N. Uznadze refers to the problem of the relation between mean- 
ing and sound in a later work “The internal form of speech” [16]. This 
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theoretical article presents the principal problem of the psychology of 
speech, the problem as to what is the nature of the so-called “internal 
form” of the language (this is a concept derived from Humboldt). He 
refers here to that form of the whole language which, although it is not 
audible and cannot be perceived, nevertheless underlies the overt form, 
and determines it; later authors have referred to it as the “feeling for 
the language’”’, i.e. that which causes us to use a particular form of speech, 
for instance our native language, without being conscious of the rules 
which govern it. 

From a theoretical analysis the author concludes that set constitutes 
this basic form of language. As a result of a set developing which cor- 
responds to a particular situation, we begin to talk in a language, naturally 
in one which we know, which corresponds to the same situation: a stream 
of words and expressions now flows into our consciousness, and these 
are in the language appropriate to the given situation; this is the case 
even if the language concerned is foreign to us and therefore less firmly 
imprinted in our speech habits than is our own native language. The onset 
of speech is determined by a set to speak in a particular language; this 
activates the mechanisms in the subject concerned with this language, 
and he then produces speech without consciously searching for words 
and without being conscious of the rules which govern the language in 
question. The author stresses that set must not be conceived as a purely 
subjective condition, but rather as one which reflects an objective situa- 
tion; he holds that a different interpretation of set would lead to an ideal- 
istic interpretation of the psychological basis of speech. 

The author considers that this concept of the “internal form” of 
speech resolves the two chief problems of speech psychology—the problem 
of the unity of language and speech (these are united by the common 
factor of set), and the problem of the unity of sound and meaning, and 
these are related by the underlying concept of “‘the integral modification” 
of an individual who requires to communicate, i.e. by a unique set. 

5. The problem of the psychological nature of the unity of thought 
and speech has been studied by Sh. A. Nadirashvili [4] in the Department 
of Psychology of Tbilisi University. This work includes a critical review 
of the chief foreign psychological theories concerning the problem of 
the relation between speech and thought. Then, from his own experi- 
ments, and using D. N. Uznadze’s concept of objectivization, he tried 
to determine the nature of the unity of thought and speech. The subjects 
were given specially selected problems to solve, and were asked to “think 
aloud”. The author considers that in this way he produces a very active 
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thought process, and the plan aims to reveal the underlying thought pro- 
cess. He concludes that the verbal process plays an essential part in the 
development of a new thought, and that the unity of thought and speech 
is manifested in the new thought which has been elaborated by the use 
of words, i.e. in the “‘objectivization” of the general signs associated with 
different phenomena (the word is the instrument which effects the “‘ob- 
jectivization. 

6. D. I. Ramishvili has published a number of papers on the basic 
problems of the psychology of speech. We must first of all consider her 
work on the psychology of the so-called everyday conceptions [13; volume 
IX], [15]. The author starts by criticizing foreign theories of speech which 
consider a word as a fusion of two independent component parts—the 
part which is sensed and the part which is thought. In order to establish 
what a word contributes to the development of a thought process, she 
carried out experiments in which definitions supplied by the subject of 
words expressing everyday (non-technical) concepts were compared with 
the way these words were actually used by the subject in various situa- 
tions. The results showed that the use of a word is not decided by its con- 
tent, as appreciated by the subject, but by a completely determined feature 
of which the subject is in no way aware. This feature is the role which 
the phenomenon named plays in the subject’s experience of the environ- 
ment. The recognition of this objective feature which is responsible for 
the systematic use of the word is extraordinarily difficult and sometimes 
almost impossible. As far as the overt “‘signs’’ which compose the par- 
ticular phenomenon are concerned, they are distinguished in the first 
place when the phenomenon is perceived; they become the “centre of 
experience” and therefore enter consciousness in definitions given by 
the subject of the concept in question. However, it is remarkable that 
the use of the particular word is not determined by this “‘centre of ex- 
perience”, but by the role of the phenomenon designated as affecting 
the society concerned. 

On this basis the author advances many arguments against the theory 
of language originating through gestures [13; volume X], [14]. She shows 
that this kind of origin is in keeping with the viewpoint of introspective 
psychology, according to which language is explained as starting from 
the consciousness of the individual, and its natural origin is thought to 
be the intention of the individual to convey to another the manifest con- 
tent of his own consciousness. However, according to the author, the 
conscious state itself can only be realized through the expression of the 
general concept in the form of language. This essential process of the 
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“‘crystallization’”’ of the concept into a word through systematic use of 
a sign language is not within the compass of the natural sign language, 
owing to the specific features of its origin. It is for this reason that the 
history of mankind could not have originated from a sign language. 

In a later study [13; volume XI], D. I. Ramishvili criticizes the in- 
terpretation of words as conventional signs, on the grounds that this 
presupposes prior existence in the subject’s consciousness of two items— 
the lingual sign (sound), and the meaning. According to the author, it is 
just this which is implied by the verbal convention, though not always 
consciously. For this reason Ramishvili considers that psychologically 
a word cannot be treated as an agreed sign, since its existence is not de- 
rived from previous appreciation of the designation and of the object 
designated. 

A study of different kinds of speech, including everyday, scientific, 
and artistic speech, led Ramishvili to investigate the special psychological 
mechanisms underlying the use of words and speech in general. The author 
considers that the mechanism concerned is that of set [13, volume VII]. 
It explains the possibility of the existence of verbal generalizations in the 
sense that the general attributes of the object can be reflected in it before 
they reach a conscious level in the individual. Set is the “preliminary 
reflection of the object in the subject’s being, a reflection which determines 
every activity of the person and all his conscious processes’’. In the author’s 
opinion, the laws governing set throw considerable light on the different 
characteristic forms of speech—the everyday, scientific and artistic forms. 

7. As far as the special problems of the psychology of speech are con- 
cerned, the principal investigation in Georgia is that of D. N. Uznadze. 
This is an investigation into the impersonal form of verbs —impersonalia [17]. 

The author bases his argument on the fact that the impersonal forms 
are used as a rule to signify meteorological events (both in Georgian and 
in European languages this form is used to refer to rain, snow, thunder, 
frost, etc.), and raises the question as to what is the psychological nature 
of the reflection of these events in consciousness. His work includes a crit- 
icism of the theories of Siegwart and Wundt. He attacks these theories 
on the grounds that judgements are expressed in impersonal statements. 
Actually the impersonal statements quoted reflect and express not judge- 
ment but perception. It is the specificity of the perceived meteorological 
events which evoke the impersonal verbal form since they are perceived 
as impersonal. Thus representation of impersonal events is made in the 
impersonal form when the events as interpreted by the subject are ex- 
pressed by the use of the third person. Uznadze considers that this kind 
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of verbal description of events is not the result of an opinion held, but 
originates from some deeper-lying cause. There is no doubt that the latter 
constitutes that internal condition reflecting objective reality which the 
author subsequently refers to as “‘set’’. 

8. A great many investigations have been made of the problem of 
the development of speech in children. 

A. M. Avalishvili [13; volume VII] was the first to describe results 
obtained from observations on the development of speech in a Georgian 
child up to the age of 4 years; the observations were made on his own son. 

The work of N. V. Chrelashvili [13; volumes [X and X] concerns the 
speech of the early pre-school and pre-school age child; it attempts to throw 
light on the psychological basis for the development of grammar in speech. 

What is the psychological basis for the development of the laws gov- 
erning speech? The author concludes that in childhood this process takes 
place without any conscious appreciation of grammatical requirements 
and that set, in the form of an unconscious appreciation of the objective 
situation represents the basis of the unconscious facility for correct speech. 

K. D. Mdivani studied the development of writing in students of the 
Tbilist Georgian School in Classes I to VIT inclusively [13; volumes IX 
and X. 

He demonstrated many steps in the development of the written lan- 
guage. In the first stage, the importance of the following two features 
was stressed. In Class I the chief feature is the “‘objectivization” of only 
the subject of the narrative, but not of the verbal form corresponding 
to it. The latter becomes noticed only in Class II onwards. 

In the investigation particular attention was paid to the occurrence 
and subsequent development (particularly from Class V onwards) of 
a second feature—-“‘the consideration of the reader” in carrying out writ- 
ten work. This feature determines to a large extent the logical method 
of exposition, the portrayal of inner connections in the subject of the 
narrative, as well as “‘the verbal structure’? and even the written material 
of the text. 

A. N. Mosiava [13; volume VIII] gives an interesting psychological 
analysis of the process of writing in connection with learning the alphabet; 
he has written many articles on the study of development of grammar 
from the point of view of the part played by “‘objectivization”’ in this 
process [13; volume VII]. 

There have been some accounts of the problem of the study of a second 
language (the study of Russian by Georgian children). Among these that 
of N. V. Imedadze [13; volume XI] is specially worthy of note. The pur- 
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pose of the work is to describe psychologically the process by which the 
child comes to acquire two languages simultaneously, and the study is 
based on Russian and Georgian. 

In spite of the idea, which is widespread abroad, that early acuuisi- 
tion of two languages is a factor which retards the development of speech 
and intelligence in the child, the results obtained give reason to suppose 
that the early acquisition of two languages favours the development of 
both these qualities, provided that two “independent spheres of influence”’ 
come to exist in the conscious mind. The possibility that such spheres 
shall be formed is due, in the author’s opinion, to the elaboration of two 
verbal sets, each of which lies in a definite situation. Interesting instances 
are given of how a child learns the two languages at the same time. 

The work of A. M. Avalishvili [13; volume VIII} gives results con- 
cerning the acquisition of a second (Russian) language by the pre-school 
child who has already mastered his native tongue. 

A second work by the same author [13; volume IX] gives an analysis 
of typical mistakes made by Georgian children in writing Russian at the 
early school age. 

G. N. Mchedlishvili [13; volume XI] has made a detailed investiga- 
tion of the psychology of slips of the tongue. He gives a psychological 
analysis of these slips, criticizes foreign theories, and attempts to throw 
light on the “‘mechanism”’ of slips, chiefly from the point of view of the 
laws of the manifestation of set. 


THE PSYCHOLOGY OF THE THOUGHT PROCESS 


1. THE COGNITIVE SIGNIFICANCE OF PERCEPTION 


The first experimental investigation in Georgia on the psychology 
of thought [18], [26] is that of D. N. Uznadze. The investigation concerns 
the part played by the object perceived and by its attributes as sensed 
by the observer in setermining the comprehension of its significance. 

The subject, who has his eyes closed, is given the object to hold in 
his hand; he is asked to recognize it by feeling it, and while familiarizing 
himself with it he is asked to “think aloud’. The results showed that dur- 
ing this perception of the object, the conscious thought content com- 
prises sensory phenomena and “qualities of form” arising from the be- 
haviour of the object. But this conscious content becomes a final con- 
crete experience only when the subject “‘recognizes” the object, when 
he comprehends the significance of what has been sensed. The whole 
conscious thought content during the experiment is regulated by the search 
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for the objective significance of the object perceived. This objective sip- 
nificance moulds and transforms the sensory attributes into their ultimate 
interpretation made up from a combination of sensations and percep- 
tions. The following point is of interest: cases are known where the sensory 
content of a perception changes according to the way in which the subject 
interprets a particular object. This last observation is of great importance 
in connection with the problem of constancy of perception (as was shown 
by the author in 1940 in his “‘General Psychology’’): the sensory con- 
tent depends within certain limits on what the subject thinks the objects 
sensed to be. 

In this regulation of the sensory content of the perception by the object, 
according to the author, the decisive part is played by the set of the subject. 
As a result of the action of the object, a set develops in the subject which 
determines how the conscious mind shall eventually comprehend the 
significance of what is perceived, i.e. a final consolidation of the attrib- 
uted, as sensed, occurs. 


2. THE PSYCHOLOGY OF COMPREHENSION 


|. The most important experimental work in Georgia on the study 
of the thought process has been applied to the problem of what has been 
called “the education of comprehension’’, with special reference to the 
problem of the development of comprehension in individual children. 

The first investigation in this realm was that of D. N. Uznadze. His 
well-known work on the development of comprehension in the pre-school 
child was published in German [23] and caused wide repercussions both 
in the Soviet (L. S. Vigotskit and others) as well as in foreign journals 
(V. Stern, B. Dumas, V. Blumenfeld). 

The principal achievement of this study was, as L. S. Vigotskii cor- 
rectly points out, that it reveals the psychological content of forms of 
the child’s conscious mind, and these appear to represent the functional 
equivalent of comprehension, i.e. they effectively carry out the function 
of comprehension in different kinds of the child’s thought processes, 
and at the same time in their psychological content they do not constitute 
“scientific” concepts. The traditional pedagogical psychology as applied 
to the child contained the false idea that the significance of words used 
correctly by the child represented a precise understanding of them; this 
profoundly wrong idea led to serious mistakes in pedagogical theory and 
practice. It was not until the end of the first quarter of the present century 
that the concept of “functional equivalents of comprehension” (Werner 
and others) developed; the result was to free child psychology from the 
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error just described. But the nature of these functional equivalents of 
comprehension at the different stages of development was not known 
until Uznadze’s investigations had been carried out. Here this gap was 
largely filled. He gives definite descriptions of many features of the func- 
tional equivalent of comprehension at various preschool ages from 2 to 
6 years. 

Although the method of forming an artificial concept used in this 
experiment scarcely differs from that of N. Ach, several essential features 
were introduced, of which one, known as the method of “graded help” 
received high praise from L. S. Vigotskii and is carried out as follows: 
when the child 1s unable to answer the question put, he is given a system- 
atically planned set of problems which make the solution of the original 
problem more and more easy until the complete solution is forthcoming. 
This graded help makes it possible to reveal not only the level of the man- 
ifest capabilities of the child, but also the possibilities in the ‘‘zone of 
adjacent development of the child”; this in turn makes it possible to de- 
monstrate in each subject certain essential features of the process, which 
are equivalent to comprehension. 

In our opinion it is particulary important to note the result of Stage 
IV of the experiment—the stage of “‘mutual comprehension”: these ex- 
periments, which were carried out on children, confirmed the observa- 
tion first made by N. Ach, that new experimental words acquire an in- 
direct meaning, i.e. they become meaningful words only after they have 
been used for the purpose of communication, when they serve as a means 
of communication between the experimenter and the subject. Before 
this social event, no matter how closely the complex of sounds was as- 
sociated with the concept of certain objects, it was not perceived as a mean- 
ingful word, i.e. it did not merge with its own concept. 

Many interesting features concerning the psychology of the naming 
process were revealed at the stage of the experiment when the subject 
was required to supply the name of a certain group of objects. 

Almost simultaneously with this work, D. N. Uznadze published 
a study of the process of classification in pre-school children [24]. It is 
based on experimental material from the first group concerned in the 
above-mentioned investigation of the development of comprehension. The 
children were told to classify cardboard figures made in all possible spec- 
tral colours and in monochrome. These were clearly divided into groups 
consisting of large and of small figures. They could also be distinguished 
according to the number of colours: some consisted only of one colour, 
and some of two or three. The shapes of these figures were so varied that 


THOUGHT AND SPEECH PROBLEMS 315 


it was not possible to classify them on this basis. The classification could 
be carried out in terms of colour, size, or number of colours. The results 
obtained depend largely on the method of “‘graded help’? which was men- 
tioned above. Four types of classification were revealed, and these cor- 
responded to the four degrees of development of classification at the pre- 
school age. 

2. The work of D. N. Uznadze on the development of comprehension 
at the pre-school age was followed by a number of experimental investiga- 
tions of this process. Most of these concerned the growth of this faculty 
at various stages of child development. 

R. G. Natadze [5] dealt with this problem in a dissertation for a doc- 
torate (1939). The methods employed in this investigation were used by 
him in many subsequent studies dealing with the particular problems 
of comprehensive thought. The essence of these methods consists in at- 
tempting to reconcile the contradiction in science between the two op- 
posite kinds of studies of comprehension, a contradiction which L. S. 
Vigotskii had already pointed out, and which he had claimed represented 
an insuperable difficulty. This contradiction is between the methods of 
formation of new artificial concepts and those in which new real con- 
cepts are assimilated. 

Natadze tried to work out a method of investigating concepts which, 
although they were new to the subject and had been formed during the 
experiment, were nevertheless quite real; in this way he overcame the 
difficulties and combined the positive side of these two opposite methods. 
During the experiment, the subjects had to assimilate concepts which 
were new to them (which had no place in their own native language), 
but which were quite real. The concepts are real, firstly because they fulfil 
the cognitive function of comprehension, that is to say they possess the 
cognitive value of a generalized representation based on the essential 
features of categories of phenomena such that their classification has a cog- 
nitive value, and secondly because they form part of the system of real 
concepts which the subject possesses. In the experiment, several concepts 
were elaborated by grouping together the appropriate material (for in- 
stance, pictures of different kinds of transport); then, by generalizing, 
the wider concept of a “‘second order’? was developed, and then by gen- 
eralizing further a still wider concept of a “third order’? was introduced, 
and this could be, for instance, that of man’s means of transport, cor- 
responding to the German word Fahrzeug. 

Thus these concepts, unlike the artificial ones used in other experi- 
ments, not only involve use of the cognitive faculty, but do not remain 
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separated fron: the subject’s perceptual system; at the same time they 
constitute a miniature system of experimentally induced conceptions 
which enables an explanation to be found of how the subject acquires 
a sei of logical relationships between innate and specific contents, and 
which also allows us to study the process by which concepts of the second 
and third orders are indirectly formed. Natadze maintains that this method 
is free from the defects which L. S. Vigotskii quite correctly considered 
to be the fundamental weakness in the method of the formation of ar- 
tificial concepts. 

Natadze also considers an important feature of the method to be that 
it is possible to carry out the experiment in two opposite ways. The sec- 
ond way is to present the subject with the same conceptions, by describ- 
ing them purely verbally and proceeding “‘from above downwards”. The 
experimenter begins by defining the most general concept (without giv- 
ing the child any examples which he can see), and then proceeds to the 
specific concepts using for their definition the generic concept whose de- 
finition has already been given in the experiment. Thus, this form of the 
experiment, together with the alternative arrangement in which the con- 
cept was developed by generalizing from material actually shown to the 
subject, throws light on the evolution during the life of a child of a con- 
cept developed from a basis of observation, as well as from an abstract 
verbal representation. 

Among the principal features of the method it should be noted that 
the concepts presented to the subject are composed of relative indica- 
tions (which is a characteristic of logical concepts) and not of manifest 
properties of the objects such as size, shape, colour, etc., as was the case 
with previous methods of the ‘development of concepts’. In using the 
basic method, the subject develops a system of concepts referring to kinds 
of transport, and these are based on indications of the kinds of motive 
force used, the indications being united into the more general concept 
represented by the German word Fahrzeug, to which the nearest Rus- 
sian equivalent is the word ekipazh (carriage). By using the second method, 
which was possible only for the older schoolchildren, a set of correlative 
concepts of relations between people was bunlt up (people related by kin- 
ship, people internally related to each other through acquaintance, and 
people only externally spatially related, for instance brothers, etc.). 

The results obtained by the methods which have been described enabled 
Natadze to follow the formation of concepts in subjects from 7 to 17 years 
of age, and to establish the existence of several stages in this process. 
There is no space here to discuss these results. The description given by 
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Uznadze in his “General Psychology” [20] of the development of con- 
ceptual thought in the schoolchild depends entirely on the findings of 
these experiments. 

3. Work on the development of the cognitive function of concept 
formation was published by R. G. Natadze in 1942 in an abbreviated 
form [6]. The problem to be investigated was based on the following prin- 
ciple. In experimental psychological investigations of the development 
of a concept, usually no distinction is drawn between the manifestation 
and recognition of common as opposed to essential features. For instance, 
in the usual investigation into the development of a concept, the subject 
builds up the concept from common features which are a property of all 
the objects of a certain group. Nevertheless, psychologically the search 
for and the recognition of the essential feature, that feature which ap- 
pears to be the essence of the development of the concept, is a process 
quite different from the search for a common feature and the abstraction 
of this common property of the particular category of objects. Not every- 
thing which is a common attribute of all the objects of a particular 
category is necessarily essential. For instance, every human being and 
only human beings have a vertical groove on the upper lip, but this 
groove is not an essential feature of a human being, although it 1s a specific 
property of such a being. Natadze maintains that in the methods of con- 
cept formation, up till now no account has been taken of the recogni- 
tion of what is essential in concepts, or of the development of this faculty 
in children. For this purpose the author has developed a special method. 

Children from 7 to 17 years of age are given a description of a man and 
are told in what ways he differs from an animal, and this description in- 
cludes many specific but non-essential features, such as the groove on 
the upper lip, the typical ear lobe, etc.; other essential features such as 
wisdom, the power of speech, ability to work, use of tools, etc. are also 
described. After the subject has completely grasped the features described, 
he is set the following task. He is told about a newly discovered island 
on which beings are found which converse with each other, build huts, 
sow maize, etc. but which have no groove on the upper lip, no ear lobe, 
etc. The subject is then asked-—‘“‘Are these people or animals?’ They are 
then told about a second island, on which beings are found with the human 
type groove on the upper lip, with a typically human ear lobe, etc., but 
who cannot speak, who feed on wild fruits, live under trees in the forest, 
etc. They are then asked whether these beings are people or animals. 

After this the subjects are invited to decide which is the better of the 
two definitions of a human being; in the first only the non-essential ex- 
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ternal typical attributes of a man (such as the groove, etc.) are mentioned, 
while in the second definition only the essential attributes such as speech, 
use of tools, etc. are mentioned. 

The work gives a detailed description of the solutions of these prob- 
lems by children from Classes I to X, and the typical development of the 
cognitive function of a concept is described. It was shown that there were 
many different stages in the development of the ability to recognize the 
essential features of a concept; at first the visible signs preponderated 
completely over those which could not be directly perceived, the latter 
being of no account in determining which features were essential. Finally, 
the ability to recognize the essential signs and to seek for that which was 
essential became completely developed. Well-marked discontinuities of 
development occur at the age of 11 (Class IV) and after 15 (Class VIII 
and above). 

Another later investigation by the same author deals with the prob- 
lem of appreciating the essential attributes of a concept [11]. The principal 
features of this work were presented at the All-Union Conference on 
Psychological Problems held in Moscow in 1955 [8]. 

In this investigation the external appearance (visible form) of an ani- 
mal is contrasted with the essential features which cannot be directly 
perceived and about which the child is specially informed by the expert- 
menter. In test experiments, the child 1s required to relate drawings of 
animals on cards to the appropriate concept; the animals are drawn in 
such a way that from their external appearance (phenotype) they can 
be related to one concept, for instance fish, while from their essential 
nature, i.e. from their essential signs, they should be referred to a different 
concept, for instance that of mammals. Jn the paper referred to, the prob- 
lem is studied for the primary school age. 

Later, in 1954, another paper was published [9]. and this was a con- 
tinuation of the same line of study. It describes observations made by 
the same method of the acquisition of the same essential conceptual fea- 
tures by schoolchildren from Classes V to IX. 

4. In 1942 a shortened form of R. G. Natadze’s work on the develop- 
ment of the generalization of concepts during the development of the 
individual was published [13; volume I]; this work depends entirely on 
the methods described above for the study of the development of new 
but real concepts (the concepts of kinds of transport and of the relations 
between people). 

The chief result of these experiments considered as a contribution 
to psychology can be stated as follows. The process in which a concept 
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becomes generalized—the way in which a unifying concept comes to be 
formed from the separate specific concepts—-implies that what takes place 
is not an impoverishment of the concept, but a “‘deepening”’ in the sense 
that, owing to the generalization of the concepts, the knowledge of the 
object as imaged in the conscious mind becomes more profound. This 
more profound knowledge is obtained psychologically by the synthesis 
of the attributes of the specific contenis in the general concept: during 
the generalization process there is no rejection of specific attributes of 
particular concepts, no loss, but on the other hand there is a synthesis 
which results in the attributes of the specific concepts being preserved 
in the generalized concept, where they do not remain isolated but are 
united in the synthetic form. | 

The author contrasts this conclusion with the traditional conception 
and with the results of other recent experimental investigations (N. Ach 
and others) which have been influenced by formal logic, which treats 
the process of generalization of specific concepts into a generic one, as 
a simple rejection or elimination of various of the attributes of the spe- 
cific concepts. : 

A description is given of the development of different kinds of gen- 
eralization of specific concepts in schoolchildren from Class I to X; these 
begin with simple ‘“‘arithmetical summation’’, and develop through “‘col- 
lection” of a generalized concept, and end with a detailed generaliza- 
tion synthesizing the attributes of the specific concepts into the generic 
concept which unites them. 

In 1943 R. G. Natadze published two short articles dealing with the 
problem of the development of generalized concepts in children of pre- 
school age [2; volume I]. In the first of these the author attempts to show 
that the discussion which has taken place abroad as to whether the gen- 
eral or the particular concept is developed first, is based on a false in- 
terpretation of the psychological attributes of the generalized concepts 
which the child “possesses” at the pre-school age. No matter how gen- 
eralized these concepts appear to be from the logical point of view, their 
representation in the child’s consciousness cannot be considered as a gen- 
eralized concept. This would necessarily assume that the subject was 
aware of the unification of the specific concepts within the generic one. 
Nevertheless, as the material collected by the author showed, at the pre- 
school age, use is typically made of generic concepts lying outside the 
specific concepts contained within them, and that most frequently the 
child makes use of generic concept while not aware of its specific con- 
stituents; also that he may have difficulty in using a generic concept when 
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the specific contents are well known to him. For instance, the child will 
use the word “fruit” to refer to species whose names he does not know, 
while he will apply the correct name to the varieties that he does know; 
again, while using the word “trees” to refer to varieties whose names 
he does not know, the pine is not considered as a tree but is named to- 
gether with these trees as if it formed no part of that concept: “This is 
a drawing of trees and pines”’. 

In 1942, R. G. Natadze published a paper on the development of the 
power of classification in schoolchildren [7]; this was based on results 
obtained in classifying different kinds of transport. A brief description 
was given of eight stages in the ability to classify as developed during 
the range of school ages. 

5. In 1953, the same author published an article [13; volume VIII] 
in which a study is made of the development of the concept from context. 
Starting from the idea that the principal method of developing a concept 
in everyday life depends on meaningful context in which the concept is 
used during the process of communication or reading, the author pro- 
poses a method for the study of the acquisition of a concept from con- 
text, a method which he used in 1935-1936. The subject has read to him 
a text in which an unknown word consisting of a meaningless complex 
of sounds ‘“‘Darvasi’’, and whose meaning he should be able to under- 
stand from the context; the meaning of this new but real concept is that 
of a device for defence against harmful naturally occurring phenomena 
and includes examples such as macintosh, protective goggles, galoshes, 
etc. The experiment was carried out on children from 7 to 17. Eight stages 
in this kind of development of a concept from context were distinguished. 
It was shown that by using this method, the same stages in the develop- 
ment of the concept occurred as were found in the method described 
above for the formation of new but real concepts. Also that the stages 
of development of the concept were much more clearly distinguished 
in those methods than when studying concept as derived from context. 

6. In 1956 R. G. Natadze published a description of two ways of 
developing a concept [13; volume X]. Using the method we have pre- 
viously described for the formation of new real concepts, the author fol- 
lows the way in which these same concepts of kinds of transport change 
with age in two opposite ways: either by the usual method of generaliz- 
ing factual material (pictures of different kinds of transport), and then 
by subsequent generalization of the concept obtained in this way (“the 
way from below upwards’), or by mere verbal definition of the same 
concepts, beginning with the more general and proceeding to the specific 
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concepts. Naturally, these two kinds of experiment are carried out on 
different children. The results published refer to the first five school clas- 
ses. They enabled the part played by the material handled in developing 
a concept at the various stages, depending on the age of the child, to be 
determined. It was found that at the stage of Class I, the child cannot use 
a purely verbal method and that he cannot imagine the actual physical 
significance of the concepts described (cannot imagine what sort of objects 
are referred to), and this is so in spite of the fact that each word of those 
used in the definitions given to him are known to the child, and that the 
subjects which contribute to the concept are also familiar to him. In pre- 
senting these sane concepts by generalizing from objects actually shown 
to children of the same stage of development (Class ]), the children de- 
veloped a practical grasp of the concepts so efficiently that they used 
them correctly in many problems. At a later stage, the child apprehends 
the meaning of the essential attributes more or less correctly, though 
it appears that the attributes themselves cannot successfully represent 
the concept if the child is unable to grasp the objective significance of 
the concept. During the acquisition of the same concepts by generaliz- 
ing from objective material, a child of the same stage of development 
grasps the essential attributes of the concept, forms an objective picture 
of their significance, and interprets correctly the principal logical rela- 
tions between the newly acquired specific and generic concepts. 

At the stage represented by Class IV, the verbal approach is so well 
accessible to the child that the level of development of “‘concrete” con- 
cepts is almost the same irrespective of whether they are acquired by gen- 
eralizing from objective material, or through definitions. 

In the upper classes of the middle school, as can be seen from the 
unpublished results of R. G. Natadze, the second method of developing 
a concept (by understanding the definition of it) actually accelerates the 
process; this ts because by defining the essential attributes which have 
already been distinguished they are presented, as it were, ready-made, 
whereas in the actual objective examples themselves, they can only be 
derived by a quite complex intellectual study by the subject. 

7. In Georgia, the study of the development of conceptual thought 
is not confined to the general problems of the development of concep- 
tions. Special investigations of the acquisition of certain kinds of scientific 
concepts have been studied. Mention must be made of the experimental 
work of E. V. Tabukashvili [13; volume X] in which the development 
of concepts of “‘subject” and “‘predicate’”’ in the elementary school were 
studied. In the experiments, the logical and the grammatical subject and 
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predicate were contrasted, and this revealed the stage at which the child 
failed to appreciate the formal grammatical scheme, although he under- 
stands the grammatical concept itself. 


3. A PSYCHOLOGICAL AND PEDAGOGICAL STUDY OF 
THOUGHT PROCESSES IN THE PRESCHOOL CHILD 


A considerable study has been made in Georgia of the thought pro- 
cesses of pre-school children, considered from the point of view of the theory 
of teaching. Particular attention must be paid to the work carried out 
by a group of research workers led by B. I. Khachapuridze [2; volumes 
I, II, issue I] and those of F. S. Khundadze. B. I. Khachapuridze devized 
special didactic materials for the kindergartens which aimed at stimulat- 
ing the children to appreciate the concepts of colour, shape, and size. 
He and his co-workers obtained information on how these concepts are 
acquired by children through the use of these teaching aids [2; volume 
II, issue 2]. Particularly interesting results were obtained concerning the 
acceleration of development and the active acquisition of such opera- 
tions as abstraction in perception, based on the colour or shape of the 
objects, “‘objectivization’’, the properties of the objects, analysis of the 
perceptions, etc. 

In the papers by F. S. Khundadze [13; volumes IX, X, XI] a study 
is made of the developmental trends of cognition in preschool children, 
and a description is given of the general direction of their thought pro- 
cesses. It is shown that the “analytical” processes tend to preponderate 
in the younger children and that there is a gradual development of the 
“synthetic” activity in the later stages. A study is made of the develop- 
ment at the preschool age of their interest in the objective relations between 
different objects and different phenomena, and later in the general laws 
relating to these phenomena. 

In A. S. Prangishvili’s article [12] the problem of the development 
of the thought process in the child is considered in relation to the idea 
of the unity of thought and language. The author considers two kinds 
of theories to be unsound—both those which treat the development of 
thinking as a transition from non-verbal thought forms to a logical verbal 
process, and those which represent it as a process which changes from 
a type of thinking which is unrelated to the reflection of reality (super- 
logical thinking) to logical thought. He attempts to show that the de- 
velopment of thought in the child is possible only in the form of verbal 
thinking. 
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4. A STUDY OF TECHNICAL THINKING 


In Georgia, the study of the thought process is not confined only to 
the so-called verbal thinking. Several studies have been made of the de- 
velopment of what is known as technical thinking. Particular attention 
should be paid to the work of D. N. Uznadze [22]. It is based on a large 
amount of material based on the solution of 34 problems involving the 
so-called technical faculty of more than 1200 students in Classes I-VIII. 
A description is given of the analysis of several types of problems, and 
curves are given for the solution of problems of different kinds. Interest- 
ing results are obtained on the differences in the development of technical 
thinking in boys and girls. Various stages according to age are distin- 
guished in the development of technical thinking, and the psychological 
characteristics of each of these stages are described. Well-marked dis- 
continuities in the rate of development of this method of thinking are 
found at the age of 11 and 14-15. 

An unpublished work by K. D. Mdivani, which we will not describe, 
deals with the development of one of the “components” of technical think- 
ing, that of spatial visualization. 

R. G. Natadze [10] devotes a paper to the development of another 
“component” of technical thinking, namely estimation. This is based on 
observations of more than 1000 schoolchildren of from 8 to 17 years of 
age. A psychological analysis is given of the different kinds of problem, 
three chief psychological types are distinguished, and three different de- 
velopmental curves of the ability to estimate are given. 


5. THE PATHOLOGY OF THE THOUGHT PROCESS 


Many of the works of the Tbilisi psychologists deal with investiga- 
tions of pathological disturbances of the thought process. First of all it 
should be noted that in most of them, use has been made of the experi- 
mental methods of “‘concept formation”? as described previously in this 
article. 

1. In his studies of the process of concept formation in schizophrenia, 
K. D. Mdivani [13; volume V] used the method which was described 
earlier in this article and which was used by D. N. Uznadze in connec- 
tion with the formation of a concept in the preschool child [19]. The prin- 
cipal result of Mdivani’s investigation was that the great majority of schizo- 
phrenics retain the “mechanisms”? for the elaboration of experimental 
concepts (based on visible clues of size and colour). All the principal opera- 
tions, such as classification, abstraction of visible signs, their generaliza- 
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tion, naming, etc are scarcely affected in these patients. He found that 
the chief peculiarity of the schizophrenic patients was that for them the 
thought content associated with the experimental material alters, and 
they develop a set which is not appropriate to the experimental situation. 


2. During the last war, R. D. Natadze used the method of forming 
a concept, as described above, to study disturbances of conceptual thought 
as affecting patients with speech disorders of various degrees of severity 
[13; volume II]. From the results obtained it appears that the chief dis- 
turbance consists of a reduction in the synthetic and integrating function 
of the thought process, i.e. a reduced power to generalize. According 
to the extent of this reduction in relation to the characteristic narrowing 
of the patient’s conscious mind, there may be various degrees of inter- 
ference with conceptual thought. The work describes many degrees of 
disturbance of this thought function. 


3. A paper by M. D. Kolbaya [3] describes the ability of deaf-mutes 
to develop concepts. This was done using the method described above 
for contrasting the external appearance of animals, as related to definite 
scientific concepts, with essential features of these concepts [9]. Accord- 
ing to the author, deaf-mutes not possessing normal speech were incapable 
of developing even simple objective concepts; they were not able to master 
even a simple classification of typical representatives of birds, mammals, 
and fish; it was not only that they failed to assimilate the essential at- 
tributes of objects, but failed even on general features of a group of objects. 
The ideas of deaf-mutes cannot be separated from the external overt non- 
essential properties of the object. A repetition of the same experiments 
in schools for deaf-mutes showed that the children in the higher classes 
of these schools are able to master objective concepts, and are capable 
of recognizing general features of objects, etc. 


4. During the war, an investigation was made of alterations in the 
critical faculty caused by mental disorders (R. G. Natadze [13; volume 
IV]). The main conclusion was that a mental disorder produces a reduced 
critical faculty, and that this reduction is necessarily associated with a fun- 
damental specific interference with the thought process which results from 
the disorder, and which consists of a reduction in the ability to synthesize 
and to integrate. On the basis of the results obtained, the author raises 
the question as to whether the critical faculty consists of the ability to 
contrast opposing features—in the ability to appreciate two features in 
a single relationship. 


Translated by H. ASHER, B.A. 
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Frontal, 128 


Genetic psychology, 240 

Geometrical concepts, acquisition of, 247 
et seq. 

Gestalt psychology, 232 


Habit formation, 41 
Higher nervous activity, 11, 24 
Hysterical mutism, 201 


Idealists, 7 
Image, signalling function of, 140 
of touch 131, et seq. 
as movement regulator, 132 ef seq., 
274 et seq. 
Imbalance, of nervous system, 27, 31 
Individual differences, 21 ef seq. 
Induction, negative, 58-59 
Inert nervous system, 27-28, 38 


Inertia and stability, 37 
Infra-red radiation, 187 
Inhibition, 26, 201 
balance with excitation, 26, 31 
delayed, 182 
prohibitive, 36 
protective, 70-71 
ultra boundary, 36 
Inhibitory function of speech, 167 er seq. 
Inhibitory reactions, 115 
Integrator, 190 
Intelligence, 312 
testing and selection, 12-13 
Inter-analyser (intermodal), 232 
Internal speech 182, et seqg., 205 et seq., 
307 et seq. 
“Interiorization” 240 ef seq. 
Intra-analyser (intramodal), 232 
Irradiated inhibition, 168 . 
Irradiation of nervous processes, 36, 58 
selective dynamic, 104, 119 
selective static, 104, 119 


Joint pin, 125 


Kinaesthetic, 171 
Kinaesthetic analyser, 52, 123 ef seq. 


Labile nervous system, 27 

Language, 15 
development, 7 

Law of effect, 99 

Leading afferentation, 53 

Learning, 227 ef seq. 


Manual speech, 212 e7 seg. 
Marxist, 12, 127 
Materialism, dialectical, 7, 11, 18 
Mechanistic, 245, 306 
Memorising, 213 ef seq. 
Memory, 22, 25 

for pitch, 141 ef seg. 
Mobility, of nervous system, 8, 28, 31, 35 

emotional, 39 

intellectual, 39 

motor, 39 
Monomanual touch, 128 
Motor aphasia, 202 
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Motor movements, verbal direction of, 15 
Muscle potential and speech, 195 et seg. 
Myograms, 292 ef seq. 


Negative induction, 58-59 
Nervous processes, concentration of, 36, 
120, 122 
dynamics of, 120 
irradiation of, 36, 120, 122 
Nervous system, balance of, 35 et seg. 
imbalance of, 27, 31 
inert, 27-28 
mobility of, 35 ef seq. 
overstrain, 62 
stability of, 37 
strength of, 35 et seq., 67 
weakness of, 27 
Nictatory reflex, 147 


Objectivization, 311-312 

Occipital, 128, 190 

Optic analyser, 52 

Orientation, 27, 94, 97, 229, 238, 244, 277 
et seq. 

Orienting, 27, 94, 97, 229, 238, 244, 277 
et seq. 
reaction, 144, 159, 168, 234 et seq., 275 
reflex, 145, 186 et seq. 

Oscillation of conditioned reflexes, 116, 121 

Oscillations of median frequency, 191 

Oscillogram, 203, 296 

Oscillograph, 291 


Pain producing agents, 26-27 

Parameters of the action, 241-244, 247- 
249 

Personality, 21 et seq. 

P.G.R., see Skin, also C.G.R. 

Plethysmographic method, 187 ef seq. 

Potentiometer, 187 et seq. 

Pre-release system, 167 ef seq. 

Prohibitive inhibition, 36 

Projection 104, et seq. 

Properties of nervous system, 7, 21 ef seq. 

Properties and types, 32 

Protective inhibition, 36 

“‘Psychic response’, 165 et seq. 


Psychology, experimental, 7 
problems of, 9 
social, 12 
Pupillary reaction, 189 ef seq. 
Purposefulness, 83 ef seq. 


Recognition without discrimination, 159 
Reflection, 229, 237, 247 et seq. 
theory of, 16 
Reflex arc, 78-80 
chain, 85 
receptor mechanisms, 186 ef seq. 
Regulator of movement, 132 et seq., 165 
et seq. 
Regulatory function, of speech, 166 et seq. 
Reinforcement, 27, 81 ef seq. 
bilateral, 93 
Release function, 179 
system, 166 
Return afferentation, 80 ef seq., 233 
Rorschach’s test, 23 


Salivary reflex, 228 et seq. 
Sanctioning afferentation, 85, 93 
Schizophrenics, 323 
Selective static irradiation, 104, 120, 122 
dynamic irradiation, 104, 120, 122 
Self-regulatory system, 177 et seq., 185 
Sensitivity of analysers, 52 et seq., 66, 141 
et seq. 
Sensory aphasia, 203 
memory, 161 
thresholds, 54 et seq. 
Servotheorie, 87 
Set, 290 et seq., 307 et seq. 
Sign language, 212 ef seq. 
Signal systems, 104 et seqg., 210, 235 et seq. 
interaction of, 238 et seq. 
transfer within, 104 et seg. 
Signalling function of image, 140 
Skin galvanic reaction, 105 ef seq. 
resistance, 187 ef seq. 
Social consciousness, 235 
Social psychology, 12 
Space perception, 15, 123 et seq., 131 et seq. 
Speech, 166 et seq., 304 et seq. 
and electromyography, 195 et seq. 
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internal, 182, 205 et seq. 
Stability of nervous processes, 37 
and inertia, 37 
String galvanometer, 211 
Strength, of analysers, 39, 52 ef sey. 
of nervous system, 35 ef seq., 56 --57, 66 
Sub-cortex, 30 


Tactile, see Touch 
Temperament, 21 ef seqg., 40 et seq.. 56 
Temperature stimuli, 186 ef seq. 
Temporal artery, 187 ef seq. 
Temporary connection, 185 
linkages, 219 
Testing, 22 et seq. 
“‘Testology”’, 22 et seq. 
Theory of reflection, 16 
Thermal stimuli, 187 et seq. 
Thermo-regulatory reflexes, 187 ef seq. 
Thinking, to oneself, 262 ef seq. 
Thought, 15 
associations, 182 
and speech, 196, 210 et seq., 304 ef seq. 
Tool, 125 et seq. 
Touch, bi-manual, 126 ef seqg., 131 et seg. 
image of, 131 ef seq. 
monomanual, 128 ef seq. 
sense of, 123 ef seq. 
Threshold, of differentiated discrimination, 
153 et seq. 
of simple discrimination, 153 e¢ seq. 


Thresholds of sound, 143 ef seq. 
Trajectory, 136, 139 
Transfer, of conditioned reflexes, 104 ef seq. 
Typological properties (of nervous system), 
21 et seq. 
types and properties, 32 
Typology, 24, 25 


Unconscious behaviour, 18 
Ultra-boundary inhibition, 36 


Vascular reaction, 187 ef seq. 

Vasoconstriction, 276 

Vasodilator reaction, 275-6 

Vasomotor, 276 

Verbal associations, 183 
instruction, 165 ef seq. 
pre-release system, 167 ef seq. 
release system, 166 
self-control, 15 

Visual analyser, strength of, 39 

Visual sensitivity, 38 

Voluntary movements, 165 e7 seq. 
conscious control of, 273 ef seq. 


Weakness and inertia, 37 
Weakness, of nervous system, 27, 31, 38 
Wrists, extensors and flexors, 197 


Zones, of non-discrimination, 149 


